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1
METHOD FOR CONTROLLING UPLINK
TRANSMISSION POWER AND WIRELESS
DEVICE USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of copending U.S.
application Ser. No. 14/112,482, filed on Oct. 17, 2013,
which is the National Phase of PCT/KR2012/007930, filed
on Sep. 28, 2012, which claims the benefit of priority under
35 U.S.C. 119(e) to U.S. Provisional Application No.
61/541,044, filed on Sep. 29, 2011, 61/554,493, filed on
Nov. 1, 2011, 61/591,279, filed on Jan. 27, 2012, 61/611,
590, filed on Mar. 16, 2012, 61/613,467, filed on Mar. 20,
2012, 61/644.,439, filed on May 9, 2012, 61/645,566, filed on
May 10, 2012, 61/667,935, filed on Jul. 3, 2012, 61/678,120,
filed on Aug. 1, 2012 and 61/681,636, filed on Aug. 10,
2012, the entire contents of which are hereby incorporated
by reference in their entirety.

BACKGROUND OF THE INVENTION

The present invention relates to wireless communications,
and more particularly, to a method for controlling an uplink
transmit power in a wireless communication system, and a
wireless device using the method.

3rd generation partnership project (3GPP) long term
evolution (LTE) is an improved version of a universal
mobile telecommunication system (UMTS) and is intro-
duced as the 3GPP release 8. The 3GPP LTE uses orthogonal
frequency division multiple access (OFDMA) in a down-
link, and uses single carrier-frequency division multiple
access (SC-FDMA) in an uplink. The 3GPP LTE employs
multiple input multiple output (MIMO) having up to four
antennas. In recent years, there is an ongoing discussion on
3GPP LTE-advanced (LTE-A) that is an evolution of the
3GPP LTE.

As disclosed in 3GPP TS 36.211 V8.7.0 (2009-05)
“Evolved Universal Terrestrial Radio Access (E-UTRA);
Physical Channels and Modulation (Release 8)”, a physical
channel of the LTE can be classified into a downlink
channel, i.e., a physical downlink shared channel (PDSCH)
and a physical downlink control channel (PDCCH), and an
uplink channel, ie., a physical uplink shared channel
(PUSCH) and a physical uplink control channel (PUCCH).

To decrease an interference caused by uplink transmission
between user equipments (UEs), it is important for a base
station (BS) to maintain uplink time alignment of the UEs.
The UE may be located in any area in a cell. An uplink signal
transmitted by the UE may arrive to the BS at a different
time according to the location of the UE. A signal arrival
time of a UE located in a cell edge is longer than a signal
arrival time of a UE located in a cell center. On the contrary,
the signal arrival time of the UE located in the cell center is
shorter than the signal arrival time of the UE located in the
cell edge.

To decrease the interference between the UEs, the BS
needs to perform scheduling so that uplink signals transmit-
ted by the UEs in the cell can be received every time within
a boundary. The BS has to properly adjust transmission
timing of each UE according to a situation of each UE. Such
an adjustment is called an uplink time alignment. A random
access process is one of processes for maintaining the uplink
time alignment. The UE acquires a time alignment value (or
also referred to as a timing advance (TA)) through the
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random access process, and maintains the uplink time align-
ment by applying the time alignment value.

In addition, a transmit power of the UE needs to be
adjusted to mitigate an interference caused by uplink trans-
mission. It is difficult for the BS to receive uplink data if the
transmit power of the UE is too low. If the transmit power
of the UE is too high, uplink transmission may cause a
significant interference to transmission of another UE.

Recently, multiple serving cells are introduced to provide
a higher data rate. However, the same time alignment value
has been applied to all serving cells under the assumption
that serving cells have adjacent frequencies or have similar
propagation properties.

There is a need for a method capable of adjusting an
uplink transmit power between a plurality of serving cells
when configuring the plurality of serving cells to which
different time alignment values are applied.

SUMMARY OF THE INVENTION

The present invention provides a method of controlling an
uplink transmit power among a plurality of timing advance
(TA) groups, and a wireless device using the method.

In one aspect, there is provided a method of controlling an
uplink transmit power in a wireless communication system.
The method may comprise determining a first transmit
power of a first uplink channel to be transmitted using a first
radio resource to a first serving cell and determining a
second transmit power of a second uplink channel to be
transmitted using a second radio resource to a second
serving cell. The first serving cell belongs to a first timing
advance (TA) group, and the second serving cell belongs to
a second TA group different from the first TA group. The first
radio resource and the second radio resource entirely or
partially overlap. A sum of the first and second transmit
powers in the overlapping portion is determined not to
exceed a maximum transmit power.

The first and second radio resources may be at least one
subframe including a plurality of orthogonal frequency
division multiplexing (OFDM) symbols.

At least any one of the first and second transmit powers
may be adjusted based on a subframe boundary.

The first and second uplink channels may include at least
any one of a physical uplink shared channel (PUSCH), a
physical uplink control channel (PUCCH), a physical ran-
dom access channel (PRACH), and a sounding reference
signal (SRS).

In other aspect, there is provided a wireless device for
controlling an uplink transmit power in a wireless commu-
nication system. The wireless device may comprise a radio
frequency (RF) unit for transmitting and receiving a radio
signal; and a processor operatively coupled to the RF unit.
The processor may be configured for: determining a first
transmit power of a first uplink channel to be transmitted
using a first radio resource to a first serving cell and
determining a second transmit power of a second uplink
channel to be transmitted using a second radio resource to a
second serving cell. The first serving cell belongs to a first
timing advance (TA) group, and the second serving cell
belongs to a second TA group different from the first TA
group. The first radio resource and the second radio resource
entirely or partially overlap. A sum of the first and second
transmit powers in the overlapping portion is determined not
to exceed a maximum transmit power.
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When a plurality of timing advance (TA) groups are
configured, an uplink transmit power can be adjusted among
cells belonging to different TA groups.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a downlink radio frame structure in 3rd
generation partnership project (3GPP) long term evolution
(LTE).

FIG. 2 is a flowchart showing a random access procedure
in 3GPP LTE.

FIG. 3 shows an example of a random access response.

FIG. 4 shows an example of multiple carriers.

FIG. 5 shows an uplink (UL) propagation difference
among multiple cells.

FIG. 6 shows an example in which a timing advance (TA)
varies among multiple cells.

FIG. 7 shows a method of controlling a transmit power
according to an embodiment of the present invention.

FIG. 8 shows a method of controlling a transmit power
according to another embodiment of the present invention.

FIG. 9 shows a method of controlling a transmit power
according to another embodiment of the present invention.

FIG. 10 shows a method of controlling a transmit power
according to another embodiment of the present invention.

FIG. 11 shows an example of TA adjustment for a TA

—_
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multiple access (OFDMA) in a downlink (DL), the OFDM
symbol is only to express one symbol period in a time zone
and thus does not limit a multiple access scheme or name.
For example, the OFDM symbol may be called different
names such as a single carrier-frequency division multiple
access (SC-FDMA) symbol and a symbol period.

Although it is exemplarily described that one slot includes
7 OFDM symbols, the number of OFDM symbols in one slot
may vary depending on the length of a Cyclic Prefix (CP).
According to 3GPP TS 36.211 V8.7.0, one slot in a regular
CP includes seven OFDM symbols and one slot in an
extended CP includes six OFDM symbols.

A resource block (RB) is a resource allocation unit and
includes a plurality of subcarriers in one slot. For example,
if one slot includes seven OFDM symbols in a time zone and
a RB includes twelve subcarriers in a frequency domain, one
RB may include 7x12 resource elements (REs).

A DL subframe is divided into a control region and a data
region in a time zone. The control region includes up to three
OFDM symbols in the front of a first slot in a subframe, but
the number of OFDM symbols in the control region may
vary. A Physical Downlink Control Channel (PDCCH) and
another control channel are allocated to the control region
and a PDSCH is allocated to the data region.

As disclosed in 3GPP TS 36.211 V8.7.0, a physical

group. channel in the 3GPP LTE may be divided into a data channel
FIG. 12 shows overlapping caused by transmission timing (i.e. a Physical Downlink Shared Channel (PDSCH) and a
adjustment. Physical Uplink Shared Channel (PUSCH)) and a control

FIG. 13 shows UL transmission according to an embodi-
ment of the present invention.

FIG. 14 is a block diagram showing a wireless commu-
nication system according to an embodiment of the present
invention.

DETAILED DESCRIPTION OF THE
INVENTION

A wireless device may be fixed or may have mobility, and
may be referred to as another term such as a User Equipment
(UE), a mobile station (MS), a user terminal (UT), a
subscriber station (SS), or a mobile terminal (MT). In
general, the base station may refer to a fixed station com-
municating with a wireless device, and also may be referred
to as another term such as an evolved-NodeB (eNB), a Base
Transceiver System (BTS), or an Access Point.

Hereinafter, it will be described that the present invention
is applied based on 3rd Generation Partnership Project
(3GPP) long term evolution (LTE) or 3GPP LTE-Advanced
(LTE-A). This is for exemplary purposes, and the present
invention may be applicable to various wireless communi-
cation systems. Hereinafter, LTE includes the LTE and/or
the LTE-A.

FIG. 1 illustrates a structure of a downlink radio frame in
the 3GPP LTE. This may refer to paragraph 6 of 3GPP TS
36.211 V8.7.0 (2009-05) “Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical Channels and Modula-
tion (Release 8)”.

A radio frame includes 10 subframes numbered with
indices 0 to 9. One subframe includes two consecutive slots.
The time required to transmit one subframe is called a
transmission time interval (TTI). For example, the length of
one subframe may be 1 ms and the length of slot may be 0.5
ms.

One slot may include a plurality of orthogonal frequency
division multiplexing (OFDM) symbols in a time zone.
Since the 3GPP LTE uses orthogonal frequency division

30

35

50

channel (i.e. a Physical Downlink Control Channel (PD-
CCH), a Physical Control Format Indicator Channel (PC-
FICH), a Physical Hybrid-ARQ Indicator Channel (PH-
ICH), and a Physical Uplink Control Channel (PUCCH)).

The PCFICH transmitted from the first OFDM symbol of
a subframe carries a control format indicator (CFI) for the
number of OFDM symbols (i.e. the size of a control region)
used for the transmission of control channels in the sub-
frame. A terminal receives the CFI first on the PCFICH and
then monitors the PDCCH.

Unlike the PDCCH, the PCFICH does not use blind
decoding and is transmitted through the fixed PCFICH
resource of a subframe.

The PHICH carries a positive-acknowledgement (ACK)/
negative-acknowledgement (NACK) signal for a hybrid
automatic repeat request (HARD). The ACK/NACK signal
for uplink (UL) data on the PUSCH, which is transmitted by
a terminal, is transmitted on the PHICH.

A Physical Broadcast Channel (PBCH) is transmitted
from the front four OFDM symbols of the second slot in the
first subframe of a radio frame. The PBCH carries system
information essential when a terminal communicates with a
base station, and the system information transmitted through
the PBCH is called a master information block (MIB).
Compared to this, the system information, which is trans-
mitted on the PDSCH indicated by the PDCCH, is called a
system information block (SIB).

The control information transmitted through the PDCCH
is called as downlink control information (DCI). The DCI
may include the resource allocation of a PDSCH (also,
referred to as DL grant), the resource allocation of a PUSCH
(also, referred to as UL grant), a set of transmit power
control commands on each UE in an arbitrary UE group,
and/or the activation of a Voice over Internet Protocol
(VoIP).

The 3GPP LTE uses blind decoding to detect a PDCCH.
The blind decoding demasks a desired identifier on CRC of
a received PDCCH (also, referred to as a candidate
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PDCCH), and checks CRC errors in order to confirm
whether a corresponding PDCCH is its control channel.

A base station determines a PDCCH format according to
DCI to be transmitted to a terminal, attaches Cyclic Redun-
dancy Check (CRC) to the DCI, and then, masks a unique
identifier (also, referred to as a Radio Network Temporary
Identifier (RNTI)) on the CRC according to the owner or
purpose of a PDCCH.

The control region in a subframe includes a plurality of

6

depending on the situation thereof, and this adjustment is
called time alignment maintenance.

One method of managing time alignment includes a
random access process. A terminal transmits a random
access preamble to a base station. The base station calculates
a time alignment value for fast or slow transmission timing
of the terminal on the basis of the received random access
preamble. Then, the base station transmits a random access
response including the calculated alignment value to the

control channel element (CCEs). The CCE is a logical 10 termi . S

. . ) . . erminal. The terminal updates the transmission timing by
allocation unit used to provide an encoding rate according to ine the fi li ¢ val
a state of a radio channel to a PDCCH and corresponds to a using the time alignment value. . .

. As another method, a base station receives an SRS
plurality of resource element groups (REGs). The REG o L . .
includes a plurality of resource elements. According to a pe?rlodlcally or arbitrarily fr‘?m a terminal, calculates a time
linkage between the number of CCEs and an encoding rate 15 ahgnmept value of the? terminal through the SRS, and then,
provided by the CCEs, the format of a PDCCH and the notifies it to the terminal through a MAC control element
number of available bits in the PDCCH are determined. (CE).

One REG includes four REs and one CCE includes nine The time alignment value is information transmitted from
REGs. In order to configure one PDCCH, {1, 2, 4, and 8} a base station to a terminal in order to maintain UL time
CCEs may be used and an element of each of {1, 2, 4, and 20 alignment, and a Timing Alignment Command indicates the
8} CCEs is referred to as a CCE aggregation level. information.

A base station determines the number of CCEs used for In general, since a terminal has mobility, the transmission
the transmission of a PDDCH according to a channel state. timing of the terminal may vary according to the moving
For example, one CCE may be used for PDCCH transmis- speed and position of the terminal. Accordingly, the time
sion to a terminal having a good DL channel state. Eight 25 alignment value that the terminal receives may be effective
CCEs may be used for PDCCH transmission to a terminal for a specific time. For this, a Time Alignment Timer is used.
having a poor DL channel state. After receiving a time alignment value from a base station

A control channel configured with one or more CCE and then updating time alignment, a terminal starts or
performs interleaving by a REG unit, and after a cell restarts a time alignment timer. Only when the time align-
identifier (ID) based cyclic shift is performed, is mapped 30 ment timer operates, UL transmission is available in the
into a physical resource. terminal. A value of the time alignment timer may be

According to 3GPP TS 36.211 V8.7.0, a DL channel notified from a base station to a terminal through system
includes a PUSCH, a PUCCH, a Sounding Reference Signal information or an RRC message such as a Radio Bearer
(SRS), and a Physical Random Access Channel (PRACH). Reconfiguration message.

The PUCCH supports a multi-format. According to a 35  When the time alignment timer expires or does not
modulation scheme depending on the PUCCH format, a operate, under the assumption that a base station is out of
PUCCH having the different number of bits per subframe time alignment, a terminal does not transmit any UL signal
may be used. APUCCH format 1 is used for the transmission except for a random access preamble.
of a Scheduling Request (SR), a PUCCH format la/ab is FIG. 2 is a flowchart illustrating a random access process
used for the transmission of an ACK/NACK signal for a 40 in 3GPP LTE. The random access process is used for a
HARQ, a PUCCH format 2 is used for the transmission of terminal to obtain UL alignment with a base station or to
a CQI, and a PUCCH format 2a/2b is used for the simulta- receive a UL radios resource allocated.
neous transmission of CQI and an ACK/NACK signal. A terminal receives a root index and a physical random
When only the ACK/NACK signal is transmitted in a access channel (PRACH) configuration index from a base
subframe, the PUCCH format 1a/lb is used, and when the 45 station. Each includes 64 candidate random access pre-
SR is transmitted alone, the PUCCH format 1 is used. When ambles defined by a Zadoft-Chu (ZC) sequence, and the root
the SR and ACK/NACK are simultaneously transmitted, the index is a logical index for a terminal to generate the 64
PUCCH format 1 is used, and an ACK/NACK signal is candidate random access preambles.
modulated and transmitted in a resource allocated to the SR. The transmission of a random access preamble is limited

Hereinafter, maintaining UL time alignment in the 3GPP 50 to a specific time and a frequency resource in each cell. The
LTE will be described. PRACH configuration index indicates a specific subframe

In order to reduce the interference caused by UL trans- and a preamble format available for the transmission of a
mission between terminals, it is important for a base station random access preamble.
to maintain UL time alignment of a terminal. A terminal may Table 1 below is one example of a random access con-
be located in an arbitrary area within a cell, and the reaching 55 figuration disclosed in paragraph 5.7 of 3GPP TS 36.211
time that an uplink signal that a terminal transmits takes time V8.7.0 (2009-05).
to reach a base station may vary depending on the position
of each terminal. The reaching time of a terminal located at TABLE 1
a cell edge is longer than that of a terminal located at the
middle of a cell. On the contrary, the reaching time of a 60 corljg?ui?ion Preamble Svstem frame Subfiame
terminal located at the middle of a cell is shorter than that ingdex format ynumber mumber
located at a cell edge.

In order to reduce the interference between terminals, it is 0 0 Even 1

. 1 0 Even 4
necessary for a base station to arrange a schedule to allow ) o Even M
UL signals that terminals in a cell transmit to be received 65 3 0 Any 1
within each time boundary. A base station is required to 4 0 Any 4

appropriately adjust the transmission timing of each terminal
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TABLE 1-continued

8

where PCMAX and PL are the same as those in Equation
1. PO_PUCCHJQ)) is a parameter consisting of the sum of a

PRACH cell specific factor given in an upper layer PO_NOMINAL,_
conflguration  Preamble System frame - Subframe PUCCH(j) and a terminal specific factor PO_UE_PUCCH
index format number number . .
(3. h(nCQI, nHARQ) is a value dependent on a PUCCH
5 0 Any 7 format. AF_PUCCH(F) is a parameter given by an upper
6 0 Any 1,6

Aterminal transmits an arbitrarily-selected random access
preamble to a base station in operation S110. The terminal
selects one of 64 candidate random access preambles. Then,
the terminal selects a subframe corresponding to a PRACH
configuration index. The terminal transmits the selected
random access preamble in the selected subframe.

The base station receiving the random access preamble
transmits a random access response (PAR) to the terminal in
operation S120. The random access response is detected in
two steps. First, the terminal detects a PDCCH masked with
random access (RA)-RNTI. The terminal receives a random
access response in a Medium Access Control (MAC) Pro-
tocol Data Unit (PDU) on a PDSCH indicated by the
detected PDCCH.

FIG. 3 is a view of a random access response.

The random access response may include TAC, UL grant,
and temporary C-RNTI.

The TAC is information indicating a time alignment value
transmitted from a base station to a terminal in order to
maintain UL time alignment. The terminal updates the UL
transmission timing by using the time alignment value. Once
updating the time alignment, the terminal starts or restarts a
Time Alignment Timer.

The UL grant includes UL resource allocation and a
transmit power command (TPC), which are used for the
transmission of a scheduling message that will be described
later. The TPC is used for determining transmit power for a
scheduled PUSCH.

Referring to FIG. 2 again, the terminal transmits a mes-
sage, which is scheduled according to the UL grant in the
random access response, to the base station in operation
S130.

Hereinafter, a random access preamble may be referred to
as a message M1, a random access response may be referred
to as a message M2, and a scheduled message may be
referred to as a message M3.

From now on, referring to paragraph 5 of 3GPP TS 36.213
V8.7.0 (2009-05), UL transmit power in 3GPP LTE will be
described.

A transmit power PPUSCH(i) for PUSCH transmission in
a subframe i is defined as follows.

Ppusca()=min{Pcas1x10 log,oMpusca()+
Po_ pusca(D+(NPL+A (D))}
where PCMAX is configured terminal transmit power and
MPUSCH(i) is a bandwidth of PUSCH resource allocation
of an RB unit. PO_PUSCH()) is a parameter consisting of
the sum of a cell specific factor given in an upper layer
PO_NOMINAIL_PUSCH() and a terminal specific factor
PO_UE_PUSCH(j) when j=0 and 1. a(j) is a parameter
given in an upper layer. PL is path loss estimation calculated
by a terminal. ATF(i) is a terminal specific parameter. f(i) is
a terminal specific value obtained from TPC. min{A,B} is a
function for outputting a smaller value of A and B.
A transmit power PPUCCH() for PUCCH transmission
in a subframe i is defined as follows.

Equation 1

Ppycca®)=min{P oy Po_pyccatPLth

(copnirarg) e pucca(+8()} Equation 2
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layer. g(i) is a terminal specific value obtained from TPC.
A transmit power PSRS(i) for SRS transmission in a
subframe i is defined as follows.

Pps()=min{Peazsx:Psrs orpsert10 10go(Msps)t
Po_puscaliHe()PL+E)}
where PCMAX, PO_PUSCHY()), a(j), PL and {(i) are the
same as those in Equation 1. PSRS_OFFSET represents a
terminal specific parameter given in an upper layer, and
MSRS represents a bandwidth for SRS transmission.
PH(i) in a subframe I is defined as follows.

PH(i)=P cazax—110 log o(Mpusce(D))+Po_pusca(i)+a
DPL+A (D)}

Hereinafter, a multiple carrier system will be described.

A 3GPP LTE system supports the case that a DL band-
width and a UL bandwidth are configured differently, but
this requires one component carrier (CC). The 3GPP LTE
system supports up to 20 MHz, and supports only one CC to
each of UL and DL when a UL bandwidth and a DL
bandwidth are different.

Spectrum aggregation (or, referred to as bandwidth aggre-
gation and carrier aggregation) supports a plurality of CCs.
For example, if five CCs are allocated as granularity of a
carrier unit having a 20 MHz bandwidth, the 3GPP LTE
system may support the maximum bandwidth of 100 MHz.

One DL CC or a pair of a UL CC and a DL CC may
correspond to one cell. Accordingly, a terminal communi-
cating with a base station through a plurality of DL. CCs may
receive service from a plurality of serving cells.

FIG. 4 illustrates an example of a multiple carrier.

There are three DL CCs and three UL CCs, but their
numbers are not limited thereto. In each DL CC, a PDCCH
and a PDSCH are separately transmitted, and in each UL
CC, a PUCCH and a PUSCH are separately transmitted.
Since three pairs of DL CCs-UL CCs are defined, a terminal
may receive service from three serving cells.

A terminal may monitor a PDCCH in a plurality of DL
CCs, and simultaneously may receive a DL transmission
block through a plurality of DL CCs. A terminal may
transmit a plurality of UL transmission blocks simultane-
ously through a plurality of UL CCs.

It is assumed that a pair of DL CC #1 and UL CC #1
becomes a first serving cell, a pair of DL CC #2 and UL CC
#2 becomes a second cell, and a DL CC #3 becomes a third
serving cell. Each serving cell may be identified through a
Cell index (CI). The CI may be unique in a cell or UE-
specific. Here, the example that CI=0, 1, 2 are assigned to
the first to third serving cells is shown in FIG. 4.

The serving cell may be divided into a primary cell
(PCell) and a secondary cell (SCell). The primary cell
operates in a primary frequency, and is a cell designated as
a primary cell when a terminal performs an initial connec-
tion establishing process or starts a connection re-establish-
ing process, or performs a hand-over process. The primary
cell is also called a reference cell. The secondary cell may
operate in a secondary frequency, may be configured after
RRC connection is established, and may be used for pro-
viding an additional radio resource. At least one primary cell
is always configured, and a secondary cell may be added/
edited/released by an upper layer signaling (for example, an
RRC message).

Equation 3

Equation 4
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The CI of a primary cell may be fixed. For example, the
lowest CI may be designated as the CI of a primary cell.
Hereinafter, the CI of a primary cell is 0 and the CI of a
secondary cell is sequentially allocated from 1.

A terminal may monitor a PDCCH through a plurality of
serving cells. However, even when there are N number of
serving cells, a base station may be configured to monitor a
PDCCH for the M (M=N) number of serving cells. Addi-
tionally, a base station may be configured to first monitor a
PDCCH for the L (L=M=N) number of serving cells.

Even if a terminal supports a plurality of serving cells in
an existing 3GPP LTE, one Timing Alignment (TA) value
may be commonly applied to a plurality of serving cells.
However, a plurality of serving cells are greatly far from a
frequency domain, so that their propagation characteristics
may vary. For example, in order to expand coverage or
remove coverage hole, a Remote Radio Header (RRH) and
devices may exist in an area of a base station.

FIG. 5 illustrates a UL propagation difference between a
plurality of cells.

A terminal receives service through a primary cell and a
secondary cell. The primary cell provides service by a base
station and the secondary cell provides service by an RRH
connected to a base station. The propagation delay charac-
teristics of the primary cell and the secondary cells may vary
due to the reasons such as the distance between a base
station and an RRH and a processing time of an RRH.

In this case, when the same TA value is applied to the
primary cell and the secondary cell, it may have a significant
impact on the alignment of a UL signal.

FIG. 6 illustrates an example of when a TA between a
plurality of cells is changed.

An actual TA of a primary cell is “TA 1” and an actual TA
of'a secondary cell is ‘TA 2°. Accordingly, it is necessary that
a separate TA should be applied to each serving cell.

In order to apply a separate TA, a TA group is defined. The
TA group includes one or more cells to which the same TA
is applied. TA is applied by each TA group, and a time
alignment timer operates by each TA group.

Hereinafter, in consideration of two serving cells (i.e. a
first serving cell and a second serving cell), a first serving
cell belongs to a first TA group and a second serving cell
belongs to a second TA group. The numbers of serving cells
and TA groups are for exemplary purposes only. The first
serving cell may be a primary or secondary cell, and the
second serving cell may be a primary or secondary cell.

A TA group may include at least one serving cell. A base
station may notify Information on a configuration of a TA
group to a terminal.

If it is assumed that each TA group operates an indepen-
dent power amp, a UL maximum transmit power of a UE
may be limited for each TA group. Therefore, according to
an embodiment of the present invention, a configured maxi-
mum transmit power PCMAX may be defined for each TA
group. PCMAX, T is a maximum transmit power configured
to a TA group T, and cells belonging to the TA group T may
use PCMAX,T instead of PCMAX to obtain a transmit
power and a power headroom (PH) of Equations 1 to 4.

The value PCMAX,T may be determined according to a
power class of a UE and a structure of a power amp, or may
be given for each TA group by a BS to the UE by using an
RRC message or the like. The BS may transmit to the UE a
parameter, which is used by the UE to determine PCMAX,T,
by using an RRC message, a MAC message, etc.

For each TA group, the UE may transmit information
regarding a maximum transmit power PCMAX,c ofa cell ¢
belonging to each TA group to the BS by using a MAC

5
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message, an RRC message, a PUSCH, etc. The information
may be transmitted in the cell c.

The UE may report a power headroom (PH) for each TA
group. The PH may be obtained by applying Equation 4
described above on the basis of PCMAX,T. The UE may
transmit information regarding a difference between
PCMAX,T and a current transmit power of all cells belong-
ing to the TA group to the BS by using a MAC message, an
RRC message, etc. The PH may be transmitted as a value for
one TA group through one PUSCH, or may be transmitted as
a value for all TA groups through one PUSCH. When the
value for one TA group is transmitted through one PUSCH,
the PUSCH may be transmitted in a cell belonging to the TA
group.

It is assumed a case where the UE reports the PH by
considering all TA groups, and subframe timing is mis-
aligned among a plurality of TA groups. In a subframe n, the
UE can report the PH by considering transmission in the
subframe n of each TA group. For example, when transmis-
sion in a subframe n of a first TA group overlaps with
transmission in a subframe n+1 or a subframe n-1 of a
second TA group, the PH may be calculated and reported by
considering only transmission in a subframe n of all TA
groups.

If UL transmission in a subframe n of a TA group overlaps
with UL transmission or a different TA group, the PH may
be obtained by considering the UL transmission of the
different TA group in an overlapping portion, and a greatest
PH or a smallest PH or a PH in the overlapping portion may
be reported to the BS.

Now, a method of controlling a UL transmit power for
each TA group will be described.

Hereinafter, it is assumed that there are two TA groups of
which a total transmit power sum is defined to Pmax.
However, this is for exemplary purposes only. A first serving
cell belongs to a first TA group, and a second serving cell
belongs to a second TA group.

Cl1,n denotes a UL signal transmitted in a subframe n of
the first serving cell. C1,n+1 denotes a UL signal transmitted
in a subframe n+1 of the first serving cell. C2,m denotes a
UL signal transmitted in a subframe m of the second serving
cell. C2,m+1 denotes a UL signal transmitted in a subframe
m+1 of the second serving cell. The subframes n and m may
have the same subframe number or may have different
subframe numbers. The UL signal may include at least one
of a PRACH, a PUCH, a PUSCH, and an SRS. Hereinafter,
P1 denotes a transmit power to be applied to transmission of
C2,m, and P100 denotes a transmit power to be applied to
transmission of C1,n+1.

Since an independent TA is applied for each TA group, if
a boundary of a transmission time unit (e.g., a subframe) of
cells belonging to different TA groups is misaligned, a
problem may arise in a transmit power control of the UE.

Hereinafter, it is proposed a method of controlling a
transmit power to prevent the total transmit power of the UE
from exceeding Pmax.

When the UE simultaneously transmits a plurality of UL
signals (or UL channels) in different TA groups, it is pro-
posed a power limitation rule for reducing the total transmit
power to be less than or equal to Pmax if the total transmit
power exceeds Pmax. The power limitation rule may be
applied according to a priority for each UL channel. For
example, the priority may be given in the order of a PUCCH,
a PUSCH having UCI, and a PUSCH, and power reduction
may be achieved starting from a channel having a low
priority. Alternatively, power reduction may be achieved in
the same ratio between the same UL channels (i.e., between
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PUSCHs or between SRSs). Transmission of a specific UL
channel may be dropped or discarded.

FIG. 7 shows a method of controlling a transmit power
according to an embodiment of the present invention.

When a UE transmits UL signals transmitted in first and
second serving cells without having to apply the total power
limitation Pmax, it can be expressed by (A) of FIG. 7. A
change in the transmit power is significant at a subframe
boundary of each cell.

12

maximum transmit power as a result of applying a power
limitation rule for C2,m+1 and C1,n+1, power adjustment
can be achieved again not to exceed the maximum transmit
power.

FIG. 9 shows a method of controlling a transmit power
according to another embodiment of the present invention.

It is proposed herein that the transmit power is adjusted in
the order of duration in which UL signals of two cells
overlap.

FIG. 7 in (B) shows that a transmit power of each UL 10  If the UL signals transmitted to two cells overlap, a
signal is adjusted by applying a power limitation rule so that transmit power of a first transmitted UL signal is adjusted by
the power does not exceeds Pmax in a unit of each subframe applying a power limitation rule according to an overlapping
boundary. duration. This method can be applied recursively for con-

In a duration in which a signal C2,m to be transmitted secutive subframes.
with a transmit power P1 overlaps with C1,n, the transmit 15  FIG. 9 in (A) shows a case before adjusting a transmit
power is adjusted to a transmit power P2 by applying the power. Since Cl,n and C2m overlap and Cl,n is first
power limitation rule to C1l,n and C2,m. In a duration of transmitted, a transmit power of Cl,n is determined by
overlapping with C1,n+1, the transmit power is adjusted to applying the power limitation rule to C1,n and C2,n.

a transmit power P3 by applying the power limitation rule to In FIG. 9 in (B), a transmit power of C2,m is adjusted
C1,n41 and C2,m. 20 from P1 to P2

If transmission of the UL signal to the first serving cell In FIG. 9 in (C) and (D), since an end portion of C2,m
overlaps partially or entirely with transmission of the UL overlaps with a start portion of C1,n+1, a transmit power of
signal to the second serving cell, the total transmit power in C2,m is adjusted to P3 by applying the power limitation rule
the overlapping portion may be adjusted not to exceed to the two signals, and a transmit power of Cl,n+l is
Pmax. 25 adjusted to P102.

FIG. 8 shows a method of controlling a transmit power In FIG. 9 in (E), the transmit power of C1,n+1, which is
according to another embodiment of the present invention. adjusted to P102, is finally determined to P103 by consid-

A UE adjusts a transmit power by applying a power ering a portion overlapping with C2,m+1.
limitation rule for UL signals which overlap in a start portion As a modification of the method above, when a UL signal
of'the UL signal, and thereafter maintains the transmit power 30 transmitted to a first serving cell overlaps with two signals
without alternation. A UL signal(s) which overlaps only in transmitted to a second serving cell, a smaller transmit
an end portion of the UL signal is subjected to power power may be selected between transmit powers obtained by
adjustment within the remaining transmit power obtained by applying a power limitation rule to each of the first and
subtracting a transmit power of the UL signal from Pmax. second UL signals.

When transmission of the UL signal starts in a first 35  For example, in (A) of FIG. 9, C2,m overlaps with C1,n
serving cell, if a transmission start portion does not overlap and C2,n+2 in consecutive time durations. In this case, as
with a signal of which transmission starts previously in a shown in (B) of FIG. 9, a transmit power is adjusted to P2
second serving cell, the transmit power of the UL signal to when it is adjusted together with C1,n, and is adjusted to P3
the first serving cell may be determined by considering when it is adjusted together with Cl,n+1. If P3<P2, a
another UL signal. 40 transmit power of C2,m is P3. This process may also be

FIG. 8 in (A) shows a case before adjusting a transmit repeated for C1,n+1. That is, C1,n+1 is transmitted with a
power. transmit power P103 which is a smaller power between a

In (B) of FIG. 8, a transmit power of C2,m is determined transmit power adjusted with C2,m and a transmit power
to P2 by applying the power limitation rule together with adjusted with C2,m+1. In this case, a transmit power of
C1,n which overlaps in a start portion of C2,m. 45 Cl,n+] adjusted with C2,m+1 may be determined based on

In the following figure, a blank box implies a power to be a transmit power which has already been adjusted one time
transmitted when each signal does not consider power with C2,n or based on an original transmit power before
limitation, and a hatched box implies a reduced transmit being adjusted with C2,n.
power. The power adjustment of two cells may always start with

In (C) of FIG. 8, a transmit power of C1,n+1 is determined 50 the same subframe number, i.e., m=n.
within the remaining power obtained by subtracting the FIG. 10 shows a method of controlling a transmit power
transmit power P2 of C2,m from Pmax. according to another embodiment of the present invention.

In (D) of FIG. 8, a transmit power of C2,m+1 is deter- It is proposed herein that subframe numbers are identical
mined within the remaining power obtained by subtracting as m=n, and subframes with the same subframe number are
the determined transmit power P101 from C1,n+1. 55 first subjected to transmit power adjustment, and thereafter

When a transmit power to a specific cell is determined in overlapping different subframes are readjusted.

a specific subframe, it may be determined not to exceed a For UL signals transmitted to different cells, a tentative
power subtracted from Pmax in consideration of a transmit transmit power is determined by respectively applying
power of a UL signal which overlaps by being transmitted power limitation rules to overlapping portions in the sub-
in a previous subframe of another cell. As shown in FIG. 60 frames having the same subframe number. A final transmit
8(B), when a maximum power of C1,n+1 is determined after power is determined by applying the power limitation rule to
a transmit power of C1,n and C2,m is determined, a maxi- an overlapping portion in adjacent subframes.

mum power that can be allocated to Cl,n+l is a power FIG. 10 in (A) shows a case before adjusting a transmit
obtained by subtracting a transmit power of a signal subse- power.

quent to a previous subframe from Pmax, that is, a power 65  InFIG. 10 in (B), a transmit power of C2,m is determined

obtained by subtracting a transmit power P2 of C2,m from
Pmax. If the transmit power of Cl,n+1 is greater than a

to P2 by applying the power limitation rule to C2,m and
Cl,n.
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In FIG. 10 in (C), a transmit power of Cl,n+1 is deter-
mined to P101 by applying the power limitation rule to
C2,m+1 and C1,n+1.

In FIG. 10 in (D), since C2,m and Cl,n+1 overlap in
consecutive subframes, a transmit power of C2,m is finally
determined to P3 by applying the power limitation rule.
Herein, the rule is applied under the assumption that C1,n+1
is transmitted with P101.

FIG. 10 in (E) shows a finally determined transmit power.

It may be requested to guarantee a constant transmit
power only for a UL signal having a specific format during
a specific time duration. For example, a PUCCH for carrying
ACK/NACK or a PRACH may maintain a transmit power
determined in initial transmission based on one transmission
unit, and thereafter a transmit power of UL signals to another
cell overlapping with a corresponding signal may be prop-
erly adjusted or a change in a transmit power may be
allowed within one transmission unit. In addition, when a
UL channel is modulated using a high-level modulation
scheme (e.g., 16-QAM, 64-QAM, etc.), the constant trans-
mit power may be guaranteed as described above. If PUSCH
transmission using the higher-level modulation scheme
overlaps with PUSCH transmission using a lower-level
modulation scheme (e.g., BPSK or QPSK) in some sub-
frames, a transmit power of PUSCH transmission using the
lower-level modulation scheme may be adjusted in an over-
lapping portion or in the entirety of the subframe.

The aforementioned embodiments 7 to 10 may be com-
bined. For example, since a PUCCH or a PRACH is a signal
relatively important in comparison with other UL signals, a
transmit power is determined only for one overlapping
duration by applying the embodiment of FIG. 8, and then the
determined transmit power is maintained. A PUSCH may be
subjected to power adjustment by considering all durations
overlapping with the PUSCH by applying the embodiments
of FIG. 7, FIG. 9, and FIG. 10.

A priority used for assignment of a transmit power may be
set for each TA group. For example, a higher priority may be
set to a TA group of a primary cell in comparison with
another TA group. As to cells belonging to a TA group
having a low priority, a transmit power may be preferentially
reduced or transmission may be dropped. In addition, when
a TA group index is assigned to a plurality of TA groups, a
priority may be put on a transmit power assignment in a low
TA group index (or high TA group index) order, and a
transmit power to a cell belonging to a high TA group index
(or low TA group index) may be preferentially reduced. A
lowest TA group index (e.g., 0) may be assigned to the TA
group to which the primary cell belongs.

When a plurality of TA groups simultaneously transmit a
plurality of UL signals, if a total transmit power exceeds a
maximum transmit power, some of the UL signals may not
be transmitted through rate-matching/puncturing. When a
first UL signal transmitted in a first TA group overlaps with
a second UL signal transmitted in a second TA group, if a
total transmit power in an overlapping portion exceeds a
maximum transmit power, one of the first and second UL
signals may not be transmitted through rate-matching/punc-
turing in the overlapping portion.

In this case, which UL signal will be subjected to rate-
matching/puncturing may be determined in the following
order. Some OFDM symbols of PUSCH or PUCCH over-
lapping with SRS may be subjected to rate-matching/punc-
turing. Some OFDM symbols of PUSCH overlapping with
PUCCH may be subjected to rate-matching/puncturing.
Some OFDM symbols of PUSCH overlapping with PUSCH
may be subjected to rate-matching/puncturing.
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When a first UL signal transmitted in a first subframe to
a first serving cell overlaps with a second UL signal(s)
transmitted in two subframes overlapping in the first sub-
frame to a second serving cell, it can be said that a transmit
power of the UL signal is determined by using a transmit
power of the second UL signal(s).

The above embodiments are applicable to determine a
transmit power of SRS when a subframe boundary of
another cell exists within an OFDM symbol for transmitting
the SRS in one cell.

As described above in the proposed embodiment, a
method in which a plurality of TA groups are configured and
a transmit power is adjusted due to a misalignment of
subframe timing among the TA groups may be applied when
aTA is misaligned among the plurality of TA groups by more
than a specific threshold. The threshold may be predeter-
mined or may be delivered by a BS to a UE.

Different methods may be applied to a case where the
misalignment of the subframe timing (or a duration in which
transmission overlaps among a plurality of TA groups) is
greater than or equal to the threshold and a case where it is
less than or equal to the threshold. For example, if the
subframe timing is misaligned by more than the threshold,
some of UL signals may be subjected to dropping/punctur-
ing/rate-matching, and if the subframe timing is misaligned
by less than the threshold, a transmit power of some signals
may be reduced. On the contrary, if the subframe timing is
misaligned by less than the threshold, some of the UL
signals may be subjected to dropping/puncturing/rate-
matching, and if it is misaligned by more than the threshold,
a transmit power of some signals may be reduced.

If an overlapping duration is less than or equal to a
specific length (e.g., one OFDM symbol), a transmit power
of some channels or all channels may be reduced only in the
OFDM symbol or in the overlapping duration. Otherwise, a
transmit power of some channels or all channels may be
reduced in all transmission durations.

As to a PUSCH modulated using phase modulation such
as BPSK/QPSK, a transmit power of an overlapping OFDM
symbol in the above case may be reduced. As to a PUSCH
modulated using QAM-type modulation such as 16QAM,
64QAM, etc., transmission of the overlapping OFFDM
symbol may be dropped by applying puncturing/rate-match-
ing, etc. This is because, if a transmit power is reduced for
a specific OFDM symbol, QAM demodulation capability on
the OFDM symbol may not be guaranteed.

FIG. 11 shows an example of TA adjustment for a TA
group.

When a plurality of TA groups are configured, subframe
timing for UL transmission in a plurality of cells within each
TA group is equally applied, whereas independent subframe
timing may be applied for each TA group.

Subframe start timing (hereinafter, transmission timing)
in one cell may be adjusted by using a TA command or the
like within a random access response.

FIG. 12 shows overlapping caused by transmission timing
adjustment.

If UL transmission signals overlap between consecutive
subframes due to transmit timing adjustment with respect to
the same cell, a portion overlapping with a UL signal of a
precedent subframe among UL signals (PUCCH, PUSCH,
etc.) in a subsequent subframe may not be transmitted. This
is because a start portion of a signal transmitted through a
subframe includes a cyclic prefix (CP) of an OFDM symbol
(or OFDM symbol), and even if the CP is lost, may have a
relatively less data loss opportunity than other portions.
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The present invention proposes that transmission timing
is adjusted by applying a TA command in cells belonging to
the same TA groups, and if a subframe n overlaps with a
subframe n+1 as a result, an overlapping portion (i.e., all or
some of OFDM symbols) of the subframe n+l1 and the
subframe n is not transmitted.

The subframe n and the subframe n+1 may belong to the
same cell or may belong to different cells belonging to the
same TA group.

16

The processor may include Application-Specific Inte-
grated Circuits (ASICs), other chipsets, logic circuits, and/or
data processors The memory may include Read-Only
Memory (ROM), Random Access Memory (RAM), flash
memory, memory cards, storage media and/or other storage
devices. The RF unit may include a baseband circuit for
processing a radio signal. When the above-described
embodiment is implemented in software, the above-de-
scribed scheme may be implemented using a module (pro-

This is because a UE complexity may be significantly 10 cess or function) which performs the above function. The
increased when a UE transmits a radio signal by using the module may be stored in the memory and executed by the
same RF module (i.e., power amp, etc.) with respect to cells processor. The memory may be disposed to the processor
belonging to the same TA group and the same RF modules internally or externally and connected to the processor using
transmits a radio signal at different timings. a variety of well-known means.

For example, if a TA command is received in a subframe 15  In the above exemplary systems, although the methods
n-6, the adjustment of UL transmission timing may be have been described on the basis of the flowcharts using a
applied starting from a subframe n. If transmission of a UL series of the steps or blocks, the present invention is not
signal (PUCCH/PUSCH/SRS, etc.) of the UE overlaps in a limited to the sequence of the steps, and some of the steps
subframe n-1 and a subframe n due to the adjustment of may be performed at different sequences from the remaining
transmission timing with respect to serving cells belonging 20 steps or may be performed simultaneously with the remain-
to the same TA group, the UE may complete transmission in ing steps. Furthermore, those skilled in the art will under-
the subframe n-1 and may not transmit an overlapping stand that the steps shown in the flowcharts are not exclusive
portion of the subframe n. and may include other steps or one or more steps of the

As to cells belonging to different TA groups, the UE may flowcharts may be deleted without affecting the scope of the
perform transmission directly even if transmission overlaps 25 present invention.
due to the transmission timing adjustment based on the TA The invention claimed is:
command. This is because transmission for different TA 1. A method for uplink transmission in a wireless com-
groups is performed independently by different RF modules, munication system, the method comprising:
and thus does not have a significant effect on a UE com- determining, by a user equipment (UE), a total transmis-
plexity even if signals are transmitted at different timings. 30 sion power including first and second uplink signals;

FIG. 13 shows UL transmission according to an embodi- if the first uplink signal to be transmitted toward a first cell
ment of the present invention. belonging to a first timing advance group (TAG) at an

An end portion of a UL signal transmitted in a subframe n™ subframe overlaps the second uplink signal to be
n to a cell 1 belonging to a first TA group (TAG1) overlaps transmitted toward a second cell belonging to a second
with a start portion of a UL signal transmitted in a subframe 35 TAG at an (n+1)* subframe, determining, by the UE,
n+l to a cell 2 belonging to the first TAG1 due to timing whether to drop the first uplink signal at the n” sub-
adjustment depending on a TA command. A UE does not frame, where n is an integer =1; and
transmit an overlapping portion among UL channels trans- transmitting, by the UE, both the first and second uplink
mitted to the cell 2. signals, or transmitting the second uplink signal with-

A UL channel transmitted in a subframe n+1 of acell 3 or 40 out the first uplink signal, according to whether the first
cell 4 belonging to a second TA group (TAG2) is transmitted uplink signal at the n” subframe is dropped.
irrespective of timing adjustment of the first TAG1. 2. The method of claim 1, wherein the first uplink signal

Whether transmission is performed in an overlapping to be transmitted toward the first cell includes at least one of
portion in the consecutive subframes may be reported by a a physical uplink control channel (PUCCH), a physical
BS to the UE. 45 uplink shared channel (PUSCH) and a sounding reference

FIG. 14 is a block diagram showing a wireless commu- signal (SRS), and
nication system according to an embodiment of the present wherein the second uplink signal to be transmitted toward
invention. the second cell includes at least one of a PUCCH, a

A BS 50 includes a processor 51, a memory 52, and a PUSCH and an SRS.
radio frequency (RF) unit 53. The memory 52 is coupled to 50 3. The method of claim 1, further comprising:
the processor 51, and stores a variety of information for determining, if the first uplink signal corresponds to a
driving the processor 51. The RF unit 53 is coupled to the sounding reference signal (SRS) and the second uplink
processor 51, and transmits and/or receives a radio signal. signal corresponds to a physical uplink shared channel
The processor 51 implements the proposed functions, pro- (PUSCH), that the SRS is dropped at the n” subframe.
cedures, and/or methods. In the aforementioned example, a 55 4. The method of claim 1, further comprising:
serving cell and/or a TA group can be controlled/managed by applying a first timing advance to the first cell belonging
the BS, and an operation of one or more cells can be the first TAG to adjust uplink timing; and
implemented by the processor 51. applying a second timing advance to the second cell

A wireless device 60 includes a processor 61, a memory belonging the second TAG.

62, and an RF unit 63. The memory 62 is coupled to the 60 5. The method of claim 4, further comprising:
processor 61, and stores a variety of information for driving receiving information about a first time alignment timer
the processor 61. The RF unit 63 is coupled to the processor for the first TAG and information about a second time
61, and transmits and/or receives a radio signal. The pro- alignment timer for the second TAG;

cessor 61 implements the proposed functions, procedures, receiving a timing advance command for a first group;
and/or methods. In the aforementioned embodiment, an 65 and

operation of the UE can be implemented by the processor
61.

starting or restarting the first time alignment timer upon
applying the timing advance command.
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6. The method of claim 5, wherein the timing advance
command is received at an (n-6)” subframe and the timing
advance command is applied at the n” subframe.

7. The method of claim 1, wherein an overlapped portion
between the first uplink signal and the second uplink signal
includes a part of an orthogonal frequency division multi-
plexing (OFDM) symbol.

8. A user equipment (UE) for uplink transmission in a
wireless communication system, the UE comprising:

a radio frequency (RF) unit configured to transmit and

receive radio signals; and

a processor operatively coupled with the RF unit and

configured to:

determine a total transmission power including first and
second uplink signals, and

if the first uplink signal to be transmitted toward a first
cell belonging to a first timing advance group (TAG)
at an n” subframe overlaps the second uplink signal
to be transmitted toward a second cell belonging to
a second TAG at an (n+1)” subframe, determine
whether to drop the first uplink signal at the n”
subframe, where n is an integer =1,

wherein the RF unit is further configured to transmit both

the first and second uplink signals, or transmit the
second uplink signal without the first uplink signal,
according to whether the first uplink signal at the n””
subframe is dropped.

9. The UE of claim 7, wherein the first uplink signal to be
transmitted toward the first cell includes at least one of a
physical uplink control channel (PUCCH), a physical uplink
shared channel (PUSCH) and a sounding reference signal
(SRS), and

wherein the second uplink signal to be transmitted toward

the second cell includes at least one of a PUCCH, a
PUSCH and an SRS.

10. The UE of claim 7, wherein the processor is further
configured to determine, if the first uplink signal corre-
sponds to a sounding reference signal (SRS) and the second

20
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uplink signal corresponds to a physical uplink shared chan-
nel (PUSCH), that the SRS is dropped at the n” subframe.

11. The UE of claim 8, wherein the processor is further
configured to:

apply a first timing advance to the first cell belonging the

first TAG to adjust uplink timing; and

apply a second timing advance to the second cell belong-

ing the second TAG.

12. The UE of claim 11, wherein the processor is further
configured to:

receive information about a first time alignment timer for

the first TAG and information about a second time
alignment timer for the second TAG;

receive a timing advance command for a first group; and

start or restart the first time alignment timer upon apply-

ing the timing advance command.

13. The UE of claim 12, wherein the timing advance
command is received at an (n-6)” subframe and the timing
advance command is applied at the n” subframe.

14. The UE of claim 8, wherein an overlapped portion
between the first uplink signal and the second uplink signal
includes a part of an orthogonal frequency division multi-
plexing (OFDM) symbol.

15. The method of claim 1, wherein both the first and
second uplink signals are transmitted if the determined total
transmission power does not exceed a maximum transmit
power.

16. The method of claim 1, wherein the second uplink
signal is transmitted without the first uplink signal if the
determined total transmission power exceeds a maximum
transmit power.

17. The UE of claim 8, wherein both the first and second
uplink signals are transmitted if the determined total trans-
mission power does not exceed a maximum transmit power.

18. The UE of claim 8, wherein the second uplink signal
is transmitted without the first uplink signal if the deter-
mined total transmission power exceeds a maximum trans-
mit power.
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