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(57) Abstract: Disclosed is an apparatus and method of performing power headroom report in a wireless communication system.
Present invention includes for calculating power headroom (PH) of at least one serving cell which the MS supports, and generating a
MAC message including the calculated PH, for generating or prohibiting triggering of report of the PH by considering a variation of
pathloss with respect to the at least one serving cell and a varation of power backoft caused by other communication system which
the MS supports, and by considering a time value received from a base station through a RRC message, and for transmitting the
MAC message which includes the PH selectively based on trigger prohibition of the trigger prohibition unit. Thus, since interwork -
ing operation between triggering of PHR based on power backoff and triggering of PHR based on pathloss is defined, uplink power
controlling can be effectively performed.
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Description
Title of Invention: APPARATUS AND METHOD FOR

PERFORMING POWER HEADROOM REPORT
Technical Field

[1] The present invention relates to wireless communication and, more particularly, to an
apparatus and method for performing power headroom report in a wireless commu-

nication system supporting multiple component carriers.

Background Art

[2] One of methods for effectively utilizing resources of a mobile station (MS) by a base
station (BS) is using power headroom (PH) information of the MS. A power control
technology is an essential core technology for minimizing interference factors to ef-
fectively distribute resources and reducing battery consumption of an MS in wireless
communication. When the MS provides PH information to the BS, the BS can estimate
to what extent uplink maximum transmission power the MS can afford to handle (i.e.,
the BS can estimate uplink maximum transmission power that can be supported by the
MS). Thus, the BS may provide uplink scheduling such as a transmit power control
(TPC), modulation and coding scheme (MCS), bandwidth, and the like, to the MS
within a range not exceeding the limit of the estimated uplink maximum transmission
power.

[3] When transmissions each based on different communication schemes are con-
currently made from the MS, uplink power consumption is increased in comparison to
a case in which only a transmission based on a single communication scheme is made,
so power management is required. Power backoff for a power management addi-
tionally reduces maximum power of uplink of the MS. Thus, PH report according to

the additional maximum power reduction (MPR) is required.
Disclosure of Invention

Technical Problem

[4] The present disclosure provides an apparatus and method of performing a power
headroom report (PHR) in a wireless communication system.

[5] Also, the present disclosure provides an apparatus and method of performing a power
headroom report (PHR) in a wireless communication system to support multiple
component carriers.

[6] Also, the present disclosure provides an apparatus and method of triggering a power
headroom report (PHR) according to a change in power backoff in a wireless commu-
nication system.

[7] Also, the present disclosure provides an apparatus and method of triggering a power
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headroom report (PHR) by a plurality of prohibit timers in a wireless communication

system.
Also, the present disclosure provides an apparatus and method of controlling in-

tercepting of a prohibit timer in consideration of increment of power backoftf (PB) with
respect to a mobile station (MS) in a wireless communication system.

Also, the present disclosure provides an apparatus and method of performing a power
headroom report (PHR) in consideration of increment of power backoff (PB) with
respect to a mobile station (MS) in a wireless communication system.

Solution to Problem

According to an aspect of the present invention, there is provided a terminal (or a
mobile station) performing power headroom report (PHR), including: a trigger pro-
hibition unit configured to measure a first prohibit timer used to measure a variation of
pathloss (PL) with respect to a serving cell set in the terminal, increment of power
backoff (PB) with respect to the terminal or decrement of PB with respect to the
terminal and prohibit triggering of PHR, generate or prohibit at least one of triggering
of a first PHR based on the variation of the PL and triggering of a second PHR based
on the decrement of the PB, based on a state of the first prohibit timer, or generate or
prohibit triggering of a third PHR based on the increment of the PB; a downlink
reception unit configured to receive an uplink grant for allocating resource used to
transmit the PHR from a base station (BS); a PHR generation unit configured to
generate a medium access control (MAC) message including the PHR; and an uplink
transmission unit configured to transmit the MAC message to the BS.

According to another aspect of the present invention, there is provided a method of
performing a power headroom report (PHR) by a terminal, including: measuring a first
prohibit timer used to measure a variation of pathloss (PL) with respect to a serving
cell set in the terminal, increment of power backoff (PB) with respect to the terminal or
decrement of PB with respect to the terminal and prohibit triggering of PHR;
performing a control procedure of generating or prohibiting at least one of triggering of
a first PHR based on the variation of the PL and triggering of a second PHR based on
the decrement of the PB, based on a state of the first prohibit timer, or a control
procedure of generating or prohibiting triggering of a third PHR based on the
increment of the PB; receiving an uplink grant for allocating resource used to transmit
the PHR from a base station (BS); generating a medium access control (MAC)

message including the PHR; and transmitting the MAC message to the BS.
Advantageous Effects of Invention

According to embodiments of the present invention, since interworking operation

between triggering of a power headroom report (PHR) based on power backoff and
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triggering of a PHR based on a pathloss is clearly defined, uplink power controlling
can be effectively performed. Also, since the number of transmissions of PHR is ap-
propriately adjusted, overhead can be reduced.

Brief Description of Drawings

FIG. 1 illustrates a wireless communication system to which the present invention is
applied.

FIG. 2 is a view explaining the identical intra-band contiguous carrier aggregation in
the wireless communication system to which the present invention is applied.

FIG. 3 is a view explaining the identical intra-band noncontiguous carrier ag-
gregation in the wireless communication system to which the present invention is
applied.

FIG. 4 is a view explaining the identical inter-band carrier aggregation in the wireless
communication system to which the present invention is applied.

FIG. 5 shows a linkage between downlink component carriers and uplink component
carriers in the wireless communication system to which the present invention is
applied.

FIG. 6 shows an example of a graph surplus power over time-frequency axis
according to an embodiment of the present invention.

FIG. 7 is a conceptual view showing the influence of uplink scheduling of a base
station on transmission power of a mobile station in the wireless communication
system.

FIG. 8 is a view explaining an amount of power coordination and maximum
transmission power in a multi-component carrier system according to an embodiment
of the present invention.

FIG. 9 is a view explaining a state in which power backoff generated by 1xRTT to
which the present invention is applied and a pathloss measured in an LTE receiver
change over time.

FIG. 10 is a view showing a change in maximum transmit power Pcyax when a
variation of PMPR is greater than a threshold value.

FIG. 11 is a view explaining triggering of power headroom report (PHR) according
to an embodiment of the present invention.

FIG. 12 is a view explaining triggering of power headroom report (PHR) according
to another embodiment of the present invention.

FIG. 13 is a view explaining triggering of power headroom report (PHR) according
to another embodiment of the present invention.

FIG. 14 is a view explaining triggering of power headroom report (PHR) according

to another embodiment of the present invention.
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FIG. 15 is a view explaining triggering of power headroom report (PHR) according

to another embodiment of the present invention.
FIG. 16 is a view explaining an embodiment in which PHR is triggered on the basis

of a plurality of prohibit timers according to the present invention.

FIG. 17 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to an embodiment of the present invention.

FIG. 18 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to another embodiment of the present invention.

FIG. 19 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to another embodiment of the present invention.

FIG. 20 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to another embodiment of the present invention.

FIG. 21 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to another embodiment of the present invention.

FIG. 22 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to another embodiment of the present invention.

FIG. 23 is a block diagram showing an MS and a BS performing PHR according to
an embodiment of the present invention.

Mode for the Invention

Exemplary embodiments of the present invention will now be described in detail
with reference to the accompanying drawings. The same or similar elements are
designated with the same numeral references regardless of the numerals in the
drawings and their redundant description will be omitted. In describing the present
invention, moreover, the detailed description will be omitted when a specific de-
scription for publicly known technologies to which the invention pertains is judged to
obscure the gist of the present invention.

In describing the elements of the present invention, terms such as first, second, A, B,
(a), (b), etc., may be used. Such terms are used for merely discriminating the corre-
sponding elements from other elements and the corresponding elements are not limited
in their essence, sequence, or precedence by the terms. It will be understood that when
an element or layer is referred to as being "on" or "connected to" another element or
layer, it can be directly on or directly connected to the other element or layer, or in-
tervening elements or layers may be present.

In the present disclosure, a wireless communication network will be described, and
an operation performed in the wireless communication network may be performed in a
process of controlling a network and transmitting data by a system (e.g., a base station

(BS)) administering the corresponding wireless communication network or may be
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performed in a mobile station (MS) connected to the corresponding wireless network.

FIG. 1 illustrates a wireless communication system.

With reference to FIG. 1, the wireless communication system 10 is widely disposed
to provide various communication services such as voice and packet data, or the like.

The wireless communication system 10 includes at least one base station (BS) 11.
Each BS 11 provides a communication service to particular geographical areas (which
are generally called cells) 15a, 15b, and 15¢. The cells may be divided into a plurality
of areas (which are generally called sectors).

A mobile station (MS) 12 may be fixed or mobile and may be referred to by other
names such as user equipment (UE), mobile terminal (MT), user terminal (UT),
subscriber station (SS), wireless device, personal digital assistant (PDA), wireless
modem, handheld device, etc.

The BS 11 generally refers to a fixed station that communicates with the MS 12 and
may be called by other names such as evolved-node B (eNB), base transceiver system
(BTS), access point (AP), etc. Cells 15a, 15b, and 15¢ may be construed to have a
comprehensive meaning indicating partial areas covered by the BS 11, and may
include various coverage areas such as a mega-cell, a macro-cell, a micro-cell, a pico-
cell, a femto-cell, and the like.

Hereinafter, downlink (DL) refers to communication from the BS 11 to the MS 12,
and uplink (UL) refers to communication from the MS 12 to the BS 11. In downlink, a
transmitter may be part of the BS 11 and a receiver may be part of the MS 12. In
uplink, a transmitter may be part of the MS 12 and a receiver may be part of the BS 11.

There is not limitation in multi-access schemes applied to the wireless commu-
nication. Namely, various multi-access schemes such as Code Division Multiple
Access (CDMA), Time Division Multiple Access (TDMA), Frequency Division
Multiple Access (FDMA), Orthogonal Frequency Division Multiple Access
(OFDMA), Single Carrier-FDMA (SC-FDMA), OFDM-FDMA, OFDM-TDMA,
OFDM-CDMA, or the like, may be used. A Time Division Duplex (TDD) scheme in
which transmission is made by using a different time or an Frequency Division Duplex
(FDD) scheme in which transmission is made by using different frequencies may be
applied to an uplink transmission and a downlink transmission.

Radio interface protocol layers between the MS and the network may be divided into
a first layer (L1), a second layer (L2), and a third layer (L.3) based on three lower
layers of an open system interconnection (OSI) standard model widely known in a
communication system.

A physical layer, the first layer (L.1), is connected to an upper medium access control
(MAC) layer through a transport channel. Data is transferred between the MAC layer

and the physical layer through the transport channel. Data is also transferred between
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different physical layers, i.e. between physical layers of a transmitting side and a
receiving side, through the physical channel. Some physical control channels are used
in the PHY layer.

A PDCCH (physical downlink control channel) provides an MS with information
regarding a resource allocation of a PCH (paging channel) and DL-SCH (downlink
shared channel) HARQ (hybrid automatic repeat request) related to the DL-SCH. The
PDCCH may carry an uplink grant informing the MS about a resource allocation of
uplink transmission. A PCFICH (physical control format indicator channel) informs
the MS about the number of OFDM symbols used for the PDCCHs, and is transmitted
at every subframe. A PHICH (physical Hybrid ARQ Indicator Channel) carries an
HARQ ACK/NAK signal in response to uplink transmission. A PUCCH (Physical
uplink control channel) carries uplink control information such as a CQI, an HARQ
ACK/NAK signal with respect to downlink transmission, and a scheduling request. A
PUSCH (physical uplink shared channel) carries a UL-SCH (uplink shared channel).

The MS transmits the PUCCH or the PUSCH as follows.

The MS configures the PUCCH with respect to one or more information among in-
formation regarding a precoding matrix index (PMI) or a rank indicator (RI) selected
based on channel quality information (CQI) or measured space channel information,
and periodically transmits the PUCCH to the BS. Also, the MS must transmit in-
formation regarding an ACK/NACK (Acknowledgement/non-acknowledgement)
regarding downlink data received from the BS to the BS after a certain number of
subframes upon receiving the downlink data. For example, when downlink data is
received in an nth subframe, the MS transmits a PUCCH including ACK/NACK  in-
formation with respect to the downlink data in (n+4) subframe. When ACK/NACK in-
formation cannot be transmitted on the PUCH allocated from the BS, or when a
PUCCH for transmitting ACK/NACK is not allocated from the BS, the MS may carry
and transmit ACK/NACK information in the PUSCH only when it is determined that
transmission including uplink control information (UCI) information can be made in
the PUSCH through CQI request information in a UL grant received from the BS.

A radio data link layer, the second layer, includes a MAC layer, an Radio Link
Control (RLC) layer, and a Packet Data Convergence Protocol (PDCP) layer. The
MAC layer, responsible for handling mapping between a logical channel and a
transport channel, selects an appropriate transport channel in order to transmit data
transferred from the RLC layer, and adds required control information to a header of a
MAC Protocol Data Unit (PDU). The RLC layer, an upper layer of the MAC layer,
supports reliable data transmission. In order to configure data having an appropriate
size fitting a radio interface, the RLC layer segments and concatenates RLC Service

Data Units (SDUs) transferred from the upper layer. The RLC layer of a receiver
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supports a data reassembling function in order to recover the original RLC SDUs from
the received RLC PDUs. The PDCP layer is used only in a packet exchange region,
and may compress a header of an IP packet to transmit packet data in a radio channel
to enhance transmission efficiency of the packet data.

The RRC layer, the third layer, serves to control a lower layer and exchange radio
resource control information between the MS and the network. Various RRC states
such as an idle mode, an RCC connected mode, or the like, are defined according to a
communication state of the MS, and a transition between RRCs may be performed as
necessary. In the RRC layer, various procedures related to a radio resource
management, such as system information broadcast, an RRC connection management
procedure, a multi-component carrier set-up procedure, a radio bearer control
procedure, a security procedure, a measurement procedure, a mobility management
procedure (handover), or the like.

A carrier aggregation (CA) supports a plurality of carriers, which is also called a
spectrum aggregation or a bandwidth aggregation. Individual unit carriers grouped
through carrier aggregation are called component carriers (CCs). Each of the
component carriers (CCs) is defined by bandwidth and central frequency. The carrier
aggregation is introduced to support increased throughput, prevent an increase in cost
otherwise caused by an introduction of a broadband radio frequency (RF) element, and
guarantee compatibility with an existing system. The component carriers (CCs) may
also be called serving cells.

For example, when five component carriers are allocated as granularity of carrier unit
having a 5 MHz bandwidth, a maximum of 25 MHz bandwidth can be supported.

CCs may be divided into a primary CC (PCC) and a secondary CC (SCC) according
to whether or not they are activated. The primary component carrier is a carrier which
is constantly activated, and the secondary component carrier is a carrier activated or
deactivated according to particular conditions. Here, activation refers to a state in
which traffic data is transmitted or received or a state in which traffic data is in a
standby state, namely, is ready to be transmitted or received. Deactivation refers to a
state in which traffic data cannot be transmitted or received and only measurement or
transmission or reception of minimum information is available. The MS may use only
one primary component carrier or one or more secondary component carriers along
with a primary component carrier. The MS may be allocated the primary component
carrier and/or the secondary component carrier from the BS.

The carrier aggregation may be divided into an intra-band contiguous carrier ag-
gregation as shown in FIG. 2, an intra-band non-contiguous carrier aggregation as
shown in FIG. 3, and an inter-band carrier aggregation as shown in FIG. 4.

First, with reference to FIG. 2, the intra-band carrier aggregation (CA) is made
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among continuous component carriers in the identical band. For example, CC#1,
CC#2, CC#3, ..., CC#N, aggregated CCs, are all adjacent to each other.

With reference to FIG. 3, an intra-band non-contiguous CA is made among dis-
continuous CCs. For example, CC#1 and CC#2, aggregated CCs, are spaced apart by a
particular frequency.

With reference to FIG. 4, an inter-band CA is made as one or more CCs are ag-
gregated in different frequency bands when a plurality of CCs exist. For example,
CC#1, an aggregated CC, exists in band #1, CC#2, an aggregated CC, exists in band
#2.

The number of aggregated carriers may be configured to be different for downlink
and uplink. An aggregation in which the number of downlink component carriers is
equal to the number of uplink component carriers is called a symmetric aggregation,
and an aggregation in which the number of downlink component carriers is different
from the number of uplink component carriers is called an asymmetric aggregation.

Sizes of component carriers (i.e., bandwidths) may vary. For example, when five
component carriers are used to configure a 7J0MHz band, the five carriers may be
configured as follows: SMHz CC (carrier #0) + 20MHz CC (carrier #1) + 20MHz CC
(carrier #2) + 20MHz CC (carrier #3) + SMHz CC (carrier #4).

Hereinafter, a multi-carrier system refers to a system supporting carrier aggregation.
In the multi-carrier system, a contiguous carrier aggregation and/or a non-contiguous
carrier aggregation may be used, or either the symmetrical aggregation or the asym-
metrical aggregation may be used.

FIG. 5 illustrates a linkage between downlink component carriers and uplink
component carriers in the multi-carrier system.

With reference to FIG. 5, downlink component carriers (DL CC) D1, D2, and D3 are
aggregated in downlink, and uplink component carriers (UL CC) U1, U2, and U3 are
aggregated in uplink. Here, Di is an index (i=1, 2, 3) of the DL CC, and Ui is an index
of UL CC. At least one DL. CC is a primary component carrier (PCC), and the other
remaining DLCC are secondary component carriers (SCC). Similarly, at least one UL
CC is a PCC, and the other remaining UL CCs are SCCs. For example, D1 and U1 are
PCCs, and D2, U2, D3, and U3 are SCCs.

In an FDD system, the DL CCs and the UL CCs are configured to be connected by
1:1, and in this case, D1 is configured to be connected to U1, D2 to U2, and D3 to U3,
in a one-to-one manner. The MS configures the linkage between the DL CCs and the
UL CCs through system information transmitted by a logical channel BCCH or an MS-
dedicated RRC message transmitted by a DCCH. Each linkage may be configured to
be cell-specific or may MS-specific.

FIG. 5 illustrates only the 1:1 linkage between the DL CCs and the UL CCs, but, of
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course, a linkage of 1:n or a linkage of n:1 may be established. Also, the index of the
component carriers may not be consistent with order of CCs or the position of a
frequency band of corresponding CCs.

Power headroom (PH) will now be described.

Power headroom (PH) refers to extra power which can be additionally used in
addition to power currently used for uplink transmission by the MS. For example, it is
assumed that maximum transmission power, transmission power within an allowable
range, of the MS is 10W. It is also assumed that the MS currently uses 9W in a
frequency band of 10 MHz. The MS can additionally use 1W, so PH is 1W.

Here, when the BS allocates a frequency band of 20 MHz to the MS, power of
9x2=18W is required. However, since the maximum power of the MS is 10W, if power
of 20 MHz is allocated to the MS, the MS cannot use the entirety of the frequency
band or power may be insufficient so the BS cannot properly receive a signal from the
MS. Thus, in order to solve this problem the MS reports the BS that power headroom
is 1W, so that the BS can perform scheduling within the range of power headroom.
Such a report is called a power headroom report (PHR).

Reported PH may be given as shown in Table 1 below.

Table 1
[Table 1]
Reported value Measured quantity value (dB)
POWER_HEADROOM_0O -23<PH<-22
POWER_HEADROOM_1 -22<PH<-21
POWER_HEADROOM_2 -21<PH<-20
POWER_HEADROOM_3 -20<PH<-19
POWER_HEADROOM_4 -19<PH<-18
POWER_HEADROOM_5 -18<PH<-17
POWER_HEADROOM_57 34<PH<35
POWER_HEADROOM_58 35<PH<36
POWER_HEADROOM_59 36<PH<37
POWER_HEADROOM_60 37<PH<38
POWER_HEADROOM_61 38<PH<39
POWER_HEADROOM_62 39<PH<40
POWER_HEADROOM_63 PH>40
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With reference to Table 1, power headroom (PH) is within a range from -23dB to
+40dB. When 6 bits are used to express PH, indexes of 2=64 can be expressed, so PH
is classified into a total of 64 levels. For example, when bits expressing PH is 0
(namely, it is 000000 when expressed by 6 bits), it means that PH is -23<Ppp<-22dB.

Since the PH is frequently changed, periodic PHR scheme may be used. According
to the periodic PHR scheme, when a periodic timer expires, the MS triggers the PHR,
and when the PH is reported, the MS retarts the periodic timer.

Also, when a pass loss (PL) estimate value measured by the MS is changed by more
than a certain reference value, the PHR may be triggered. The PL estimate value is
measured by the MS based on a reference symbol received power (RSRP).

The PH (Ppy) is defined as the difference between maximum transmission power P
cmax configured in the MS as represented by Equation 1 and power P.gima.q €stimated
regarding uplink transmission, and it is expressed as dB.

[Equation 1]
P =P cnpaxP cstimateal dB]

Power headroom (Ppr) may also be called remaining power or surplus power.
Namely, a remainder value, excluding Pegimaed, the sum of transmission power used by
each CC, in the maximum transmission power of the MS configured by the BS, is Ppy.

For example, Pegimated 1S €qual to power Ppyscy estimated regarding transmission of
physical uplink shared channel (PUSCH). Thus, in this case, Ppy can be obtained by
Equation 2 shown below:

[Equation 2]
P py=P cppax—P puscul dB]

In another example, Pegimaea 1S €qual to the sum of power Ppyscy estimated regarding
transmission of the PUSCH and power Ppyccn estimated regarding transmission of
physical uplink control channel (PUCCH). Thus, in this case, power headroom (PH)
can be obtained by Equation 3 shown below:

[Equation 3]

Poy=P cvpa=P pvcew P puscul dB)

The PH according to Equation 3 can be expressed on time and frequency axes in a
graph as shown in FIG. 6. In FIG. 6, PH with respect to one CC is shown.

With reference to FIG. 6, the configured maximum transmission power Pcyax of the
MS includes Ppy; (605), Ppyscn (610) and Ppyccy (615). Namely, the remainder,
excluding Ppyscu(610) and Ppyccu(615), in Poyax is defined as Ppy (605). Each power is

calculated by transmission time interval (TTI).
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A main serving cell is the only serving cell retaining a UL PCC for transmitting the
PUCCH. Thus, a sub-serving cell cannot transmit the PUCCH, PH is determined as
expressed by Equation 2, and a parameter and an operation with respect to the PHR
method determined by Equation 3 are not defined.

Meanwhile, in the main serving cell, operation and parameters with respect to a PHR
method determined by Equation 3 may be defined. When MS receives an uplink grant
from the BS so it should transmit the PUSCH and simultaneously transmits the
PUCCH in the same subframe according to a determined rule in the main serving cell,
the MS calculates all the PHs according to Equation 2 and Equation 3 at a point in time
at which the PHR is triggered, and transmits the same to the BS.

In the multi-component carrier system, PH can be individually defined regarding a
plurality of configured CCs, and FIG. 7 shows a graph in which PH is expressed on
time and frequency axes.

No matter whether it is a single component carrier system or it is a multi-component
carrier system, the maximum transmission power configured in the MS is affected by
maximum power reduction (MPR) of the MS. MPR refers to reducing the maximum
transmission power configured in the MS within a certain allowed range, and an
amount of power reduced by the MPR may be called a maximum power reduction
(MPR) amount.

FIG. 7 is a conceptual view showing the influence of uplink scheduling of the BS on
transmission power of the MS in a wireless communication system.

With reference to FIG. 7, the MS receives an uplink grant allowing uplink data
transmission from the BS at time (or subframe) t0 through a PDCCH. Thus, the MS
should calculate an amount of transmission power according to the uplink grant at t0.

First, at time t0, the MS calculates first transmission power 725 in consideration of a
PUSCH power offset value 700 and a transmission power control (TPC) value 705
received from the BS and an 'a’ value (received from the BS), a weight, to a pathloss
(PL) 710 between the BS and the MS. The first transmission power (1%t Tx Power) 725
is largely according to a parameter affected by a path environment between the BS and
the MS and a parameter determined by a policy of a network. In addition, the MS
calculates a second transmission power (2 Tx Power) 730 in consideration of a
scheduling parameter 715 indicating a QPSK modulation scheme and an allocation of
ten resource blocks (RBs). The second transmission power 730 is transmission power
changing through uplink scheduling of the BS.

Thus, the MS can calculate final uplink transmission power by adding the first
transmission power 725 and the second transmission power 730. Here, the final uplink
transmission power cannot exceed the configured maximum transmission power (P

cmax) of the MS. In the example of FIG. 7, since the final transmission power is smaller
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than Poyax value at the time t0, so the uplink information according to configured
parameter can be transmitted. Also, there is power headroom (PH) 720, an extra with
respect to transmission power, which can be additionally configured. The PH 720 is
transmitted by the MS to the BS according to a rule defined in the wireless commu-
nication system.

At time t1, the BS changes into a scheduling parameter 750 indicating a 16QAM
modulation scheme and allocation of 50 resource blocks in consideration of
transmission power which can be additionally configured for the MS through in-
formation of PH 720. The MS re configures second transmission power 765 according
to the scheduling parameter 750. A first transmission power 760 at time t1 is de-
termined in consideration of a PUSCH power offset value 735, a TPC value 740, and
an 'a' value (received from the BS), a weight, to a PL. 745 between the BS and the MS,
and here, it is assumed that the first transmission power 760 is equal to the first
transmission power 725 at time t0.

At time t1, Pcyax is changed into a value close to Peyax 1, while the sum of the
second transmission power 765 and the first transmission power 760 requested by the
scheduling parameter 750 exceeds Pcvax. Namely, a PH estimated value error 755 by P
ovax 5-Pomax occurs. In this manner, when scheduling is performed on the uplink
resource based only on PH information, the MS cannot configure uplink transmission
power expected by the BS, generating performance degradation. When the CC ag-
gregation scheme is used, the PH estimated value error 755 is further increased. Thus,
the MS should reduce the configured maximum transmission power.

The range of maximum transmit power of the MS in consideration of the MPR is
expressed by Equation 4 shown below:

[Equation 4]

P CMAX I éPCMSP CMAX H

Here, Pcyax is maximum transmit power configured in the MS, Poyax 1 1S @ minimum
value of Peyax, and Peyax g 1S @ maximum value of Peyax. Specifically, Poyax 1 and P

cmax g are calculated by Equation 5 and Equation 6, respectively, shown below:

[Equation 5]
P capax 1 =MINLP oy~ AT . P

[Equation 6]
P cppax g=MIN [P envaxt powercsa,g,s-]

Here, MIN[a,b] is a smaller value among a and b, Pryax is maximum power de-

-MPR-AMPR-AT -]

powerclass

termined by RRC signaling of the BS, and ATc is power amount applied when there is
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an uplink transmission at the edge of a band, which has 1.5dB or 0dB according to a
band. P,oyercss 18 @ power value according to several power classes defined to support
specifications of various terminals in a system. In general, the LTE system supports
power class 3, and Poyerctass by power class 3 is 23dBm. MPR is a maximum power
reduction amount, and AMPR (Additional MPR) is an additional maximum power
reduction amount signaled by the BS.

The MPR may be configured to have a particular range or as a particular constant.
The MPR may be defined by an MS or by CC. Also, the MPR may be configured to
have a certain range or as a constant within each CC unit. Also, the MPR may be
configured to have a range or as a constant according to whether or not PUSCH
resource allocation of each CC is continuous or discontinuous. Also, the MPR may be
configured to have a range or as a constant according to whether or not a PUCCH
exists.

FIG. 8 is a view explaining a maximum power reduction amount and maximum
transmit power of an MS in a multi-component carrier system according to an em-
bodiment of the present invention. For the sake of explanation, it is assumed that only
one ULCC is allocated to an MS.

With reference to FIG. 8, when it is assumed that AT=0, a maximum value (Pcyax u
) of maximum transmit power (Pcyax) may be 23dBm corresponding to power class 3.
A minimum value (Pcyax 1) of the maximum transmit power (Pcyax) may be a value
obtained by subtracting a maximum power reduction amount (MPR) 800 and an
AMPR 805 from the maximum value (Pcyax 1). Namely, the MS reduces the minimum
value (Pcyax 1) of the maximum transmit power (Pcyax) by using the MPR 800 and the
AMPR 805. The maximum transmit power (Pcyax) 1s determined between the
maximum value (Pcyax 1) and the minimum value (Peyax 1)-

Meanwhile, an uplink transmit power 830 is the sum of power 815 determined by a
bandwidth (BW), Modulation and Coding Scheme (MCS), and RB, a pathloss (PL)
820, and a PUSCH TPSs 825. A PH 810 is obtained by subtracting the uplink transmit
power 830 from the maximum transmit power (Poyax).

In FIG. 8, only a single UL CC is explained, but when a plurality of UL CCs are
allocated, maximum transmission power may be given by an MS, rather than by UL
CC, and maximum transmission power by an MS may be given as the sum of each
maximum transmission power with respect to all the UL CCs.

In calculating maximum transmit power, Pevax, ATc, Ppowerciass, and the AMPR may
be information the BS knows or may be able to know. However, the BS cannot know
the MPR, so it cannot accurately know maximum transmit power according to the
MPR. When the MS reports PH to the BS, the BS can merely estimate an approximate

range of the maximum transmit power through the PH. Since the BS performs
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uncertain uplink scheduling within the estimated maximum transmit power, in the
worst-case scenario, the BS may perform scheduling with a modulation/channel
bandwidth/RB requesting transmit power greater than the maximum transmit power
with respect to the MS.

As mentioned above, the PHR report is used to provide information regarding a
difference between estimated power with respect to an uplink data transmission for
each activated serving cell and nominal maximum transmit power of the MS. Also, the
PHR procedure is used to provide information regarding a difference between
estimated power with respect to an uplink data transmission and a PUCCH
transmission with respect to a primary serving cell and the nominal maximum transmit
power of the MS.

In order for the PHR to be triggered, trigger conditions must be satisfied. The trigger
conditions are also called an event. Parameters related to trigger conditions include a
pathloss variation, a power backoff variation, and various timers. These parameters
may be associated to define trigger conditions or may define trigger conditions inde-
pendently.

1. Power backoff

Power backoff refers to maximum power reduction (MPR) additionally generated by
power management in uplink. When transmissions each based on different commu-
nication schemes are concurrently made from the MS, uplink power consumption is
increased in comparison to a case in which only a transmission based on a single com-
munication scheme is made, so power management is required. Power management is
required, for example, for concurrent transmissions based on a packet switching
scheme and a circuit switching scheme, for concurrent transmission of non-voice data
and voice data, for concurrent transmissions of LTE-based data and 1x-Evolution-Data
Optimized (EVDO) or 1x-Radio Transmission Technology (RTT)-based data, or in
case of considering an Specific Absorption Rate (SAR). Power backoff is also called a
PMPR (or P-MPR).

Power backoff is a variable for determining maximum transmission power Peyax
configured in the MS. For example, when power backoff is taken into consideration,
Equation 5 may be amended as expressed by Equation 7 shown below:

[Equation 7]

PCM—IZMIN[PMATc,P 'W[MPR+AMPR,PMPR]'ATO]

powerclass

With reference to Equation 7, PMPR is a power backoff value. Pcyax 1 is determined
by a greater value among MPR+AMPR and PMPR. Namely, MPR+AMPR and PMPR
are not compatible, and MPR may be independently performed only by PMPR itself.
For example, when PMPR>MPR+AMPR in Equation 7, PMPR itself is identified with
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MPR in Equation 5.
In another example, when power backoff is considered, Equation 5 may be amended
as expressed by Equation 8 shown below:

[Equation 8]
PCM{X_I:MIN[PEM{X_ATcﬂppowercfa.m_MPR_AMPR_PMPR_ATC]

According to Equation 8, Pcyax 1 1S calcualted by all of MPR, AMPR, and PMPR.
Namely, MPR, AMPR, and PMPR are compatible and affect Pcyax 1 together. PMPR
in Equation 8 is an additional MPR generated by power management, which is
different from the pure MPR defined in Equation 5.

When the defintion of the PMPR value according to Equation 7 and that of the
PMPR value according to Equation 8 are compared, the PMPR in Equation 7 refers to
the power backoff value itself generated by the 1xRTT, and as for the PMPR in
Equation 8, the power backoff value generated by the 1XRTT and the pure MPR value
defined in Equation 5 are compared, and when it is larger, the PMPR in Equation 8 is
defined as the difference value.

For example, when a value of pure MPR defined in Equation 5 is 8dB and a power
backoff value expected by 1xRTT is 7dB, the PMPR value defined by Equation 7 is
7dB and the PMPR value defined by Equation 8 is 0dB. The PMPR value defined by
Equation 8 is OdB because there is no influence when it is small.

In another example, when the value of pure MPR is 8dB and the power backoff value
by 1xRTT is 10dB, the PMPR value defined by Equation 7 is 10dB and the PMPR
value defined by Equation 8 is 2dB (=10dB-8dB).

As shown in Equation 7 and Equation 8, the maximum transmit power Peyaxis
changed by power backoff. When the maximum transmit power Pcyax 1s changed, PH
is resultantly changed. Namely, power backoff affects the change in PH, and the power
backoff variation is used to define trigger conditions together with a pathloss variation.
Namely, triggering of PHR may be generated on the basis of power backoff or may be
generated on the basis of a pathloss. For example, the trigger conditions may include a
case in which a variation of power backoff is greater than a threshold value of power
backoff, and here, there may be a case in which increment of power backoff is greater
than the threshold value of power backoff and a case in which decrement of power
backoff is greater than the threshold value of power backoff. Also, the trigger
conditions may include a case in which a variation of a pathloss is greater than a
threshold value of the pathloss.

Power backoff and a pathloss have difference in terms of characteristics.

FIG. 9 is a view explaining a state in which power backoff generated by 1xRTT and

a pathloss measured in the LTE receiver change over time.
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Here, 1XxRTT refers to a circuit-based communication system, which includes
CDMA2000, WCDMA communication, or the like. Namely, the 1xXRTT may include a
communication system which is different from an LTE system.

With reference to FIG. 9, power backoff by 1XRTT occurs irrespective of a change in
channels. Also, pathloss slowly changes in units of 200 ms, but a change in power
backoff by 1xRTT changes relatively rapidly in units of 20 ms.

Meanwhile, the maximum power reduction (MPR) is generated by an MS according
to a resource allocation scheme or modulation in an LTE uplink grant. Thus, with
respect to uplink grant for which resource allocation scheme or modulation is the same,
the MPR may be applied equally. However, power backoff by the 1XRTT occurs
separately from the LTE uplink grant, and it changes rapidly according to whether or
not a 1xRTT data transmission is made concurrently with an LTE transmission.

When the maximum transmit power Pcoyax 1s changed due to power backoff, PH is
changed accordingly. In this case, since the PH due to power backoff is rapidly
changed, if PHR is transmitted whenever PH is changed, the frequent transmission of
PHR may act as overhead. In addition, the PHR may also be generated by a different
cause such as pathloss, or the like, as well as by power backoff, increasing overhead.
Thus, in order to effectively perform uplink power controlling, a method of appro-
priately triggering a PHR according to a change in power backoff is required. To this
end, trigger conditions having a different format from that of the trigger conditions
defined based on pathloss should be defined. Also, a definite procedure with respect to
an operation when the trigger conditions based on pathloss interwork with the trigger
conditions having a different format is required.

FIG. 10 is a view showing a change in the maximum transmit power Pcyax when a
variation of PMPR is greater than a threshold value.

When the value of PMPR is changed during a power backoff process, the Pcyax
value is changed to interfere with uplink scheduling performed by the BS. The case in
which the PMPR is changed during a power backoff process includes a case in which
the PMPR is increased (S1010) and a case in which the PMPR is reduced (S1020).

In particular, in the case in which the PMPR is increased, power scaling down
phenomenon occurs in an uplink transmission of the MS, which is, thus, especially
problematic. Here, power scaling down phenomenon refers to a phenomenon in which
as the Poyax value is reduced according to an increase in the value of PMPR, the BS
erroneously estimates the Pcyax value and performs uplink scheduling, so transmission
power requested by the MS is greater than the Pcyax value but the actual transmission
power of the MS is reduced within the Pcyax value.

When the power scaling down phenomenon occurs in the uplink transmission of the

MS due to the erroneous scheduling of the BS, a reception end (or a receiver) of the BS
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will receive power smaller than reception power previously estimated by the BS in
scheduling, so performance of uplink may be degraded.

When the PMPR is reduced (S1020), a problem arises in that transmission power
retained by the MS is not sufficiently utilized. Uplink scheduling is ineffective, but it
does not cause a severe performance degradation like the power scaling down
phenomenon does.

Thus, when the PMPR is increased, in order to effectively perform PHR, the PHR
trigger conditions are required to be adjusted such that the PHR trigger according to
the increase in the PMPR can be properly transferred at a corresponding timing. PHR
is required to be performed by discriminating the case in which the PMPR is increased
from the case in which the PMPR is reduced.

Hereinafter, the case (S1010) in which the PMPR value is increased by more than a
threshold value and PHR is performed is called a PHR based on power backoff
according to an increase in the PMPR, and the case (S1020) in which the PMPR value
is reduced by more than a threshold value and PHR is performed is called a PHR based
on power backoff according to a reduction in the PMPR. Here, the threshold value
when the PMPR value is increased and the threshold value when the PMPR value is
reduced may be equal or different. Hereinafter, it is assumed that the threshold value
when the PMPR value is increased and the threshold value when the PMPR value is
reduced are equal, and they will be referred to simply as a threshold value. Thus, an
absolute value of the increment or decrement of the PMPR, namely, the variation of
the PMPR, is compared with the threshold value.

2. Timer

A timer is an element defining the trigger conditions. It controls trigger of PHR
together with a pathloss variation and a power backoff variation. The timer includes a
periodic PHR timer (referred to as a "periodic timer', hereinafter) and a prohibition
PHR timer (referred to as a 'prohibit timer', hereinafter). The periodic timer is
controlled to allow the PHR to be periodically triggered. The prohibit timer prohibits
triggering of the PHR.

The periodic timer may start (or may be driven) or restart (or may be re-driven) when
uplink resource for a new transmission is allocated to the MS at a current transmission
time interval (TTI) or when allocated uplink resource can accommodate a PHR MAC
control element including a subheader as a result of logical channel priority. Or, the
periodic timer may restart when triggering of PHR based on any one of a pathloss and
power backoff occurs. After the periodic timer starts or restarts, when a certain period
of time has lapsed, the periodic timer expires.

A value of the periodic timer and the prohibit timer may be expressed in number of

subframes. For example, when a value of the periodic timer is 10, it corresponds to ten
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subframes. Accordingly, PHR is triggered at every ten subframes in the MS.
Meanwhile, when a value of the prohibit timer is 10, triggering of PHR is prohibited
during the ten subframes. When the ten subframes have lapsed so the prohibit timer
expires, then, a chance of triggering PHR is obtained.

Configuration of the periodic timer and the prohibit timer may be controlled by the
RRC layer. For example, the BS may transmit an RRC message such as a MAC-
MainConfig information element in Table 2. Table 2 shows a case in which two

prohibit timers are provided.

Table 2
[Table 2]
MAC-MainConfig ::= SEQUENCE {
phr-Config CHOICE {
release NULL,
setup SEQUENCE |
periodicPHER-Timer ENUMERATED [=f10, sf20, s£50, af100, sf200,

£50
2£500, sf1000, infinityl,
primary prohikitPHR-Timer ENUMERATED {sf0, s£10, sf20, =£50, s£f100,

afz200, =£f%00, s£1000%,
secondary prohibitPHR-Timer ENUMERATED {s5f0, sf30, =f60, sf100, =£f150,
3£200, s£500, =f£f1000},
dl-PathlossChange ENUMERATED {dBi, dB2, dBo, infinity}
]
} OPTIONAL, —= Need ON

With reference to Table 2, the RRC message includes a periodic timer
(periodicPHR-Timer) value and a prohibit timer value. The prohibit timer includes two
types of timers, namely, a primary prohibit PHR timer and a secondary prohibit PHR
timer. Or, the timers may also be called a first prohibit timer and a second prohibit
timer. The value sfn of the prohibit timer means that the prohibit timer operates during
n number of subframes.

The first prohibit timer may prohibit triggering of PHR based on every cause
excluding triggering of PHR based on power backoff according to an increase in the
PMPR. For example, the first prohibit timer prohibits triggering of PHR based on a
pathloss, as well as triggering of PHR based on power backoff. In this case, however,
the first prohibit timer cannot prohibit triggering of PHR based on power backoff
according to an increase in the PMPR. As described above, when the PMPR is
increased, when the PMPR is increased, there is a possibility in which performance is

degraded due to power scaling down phenomenon, so the increase in power backoff
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has high priority with respect to the PHR. Meanwhile, the second prohibit timer
prohibits only triggering of PHR based on power backoff. For example, among
triggering of PHR based on power backoff, the second prohibit timer prohibits
triggering of PHR based on power backoff according to an increase in the PMPR and
triggering of PHR based on power backoff according to a reduction in the PMPR.
Here, however, it does not prohibit triggering of PHR based on pathloss.

Thus, when the first prohibit timer has not expired while the second prohibit timer
has expired, PHR based on power backoff according to an increase in the PMPR may
be triggered, but PHR based on power backoff according to a reduction in the PMPR
or PHR based on pathloss is not triggered. Meanwhile, when the first prohibit timer has
expired while the second prohibit timer has not expired, PHR based on power backoff
according to the increase or reduction in the PMPR is not triggered but PHR based on
pathloss may be triggered. In this case, triggering of PHR based on power backoff
according to the reduction in the PMPR may be performed only when both the first
prohibit timer and the second prohibit timer have expired.

A timing at which the first prohibit timer and the second prohibit timer restart after
they have expired may be different contingently.

For example, when a PHR based on a certain cause is transmitted, both the first
prohibit timer and the second prohibit timer restart. For example, a transmission of a
PHR based on a pathloss makes even the second prohibit timer, as well as the first
prohibit timer restart. Meanwhile, a transmission of PHR based on power backoff
according to an increase or reduction in the PMPR may make only the second prohibit
timer restart but not the first prohibit timer.

In another example, the PHR based on a particular cause may make a particular
prohibit timer restart. For example, a transmission of PHR based on pathloss makes
only the first prohibit timer restart, and a transmission of PHR based on power backoff
according to an increase or reduction in the PMPR makes only the second prohibit
timer restart.

In another example, PHR based on a particular cause may make the particular
prohibit timer. For example, a transmission of PHR based on a pathloss makes only the
first prohibit timer restart and a transmission of the PHR based on power backoff
according to an increase or reduction in the PMPR makes only the second prohibit
timer restart.

In another example, a transmission of PHR based on a pathloss makes both the first
prohibit timer and second prohibit timer restart and a transmission of the PHR based on
power backoff according to an increase or reduction in the PMPR may make both the
first prohibit timer and the second prohibit timer restart.

In another example, a transmission of PHR based on a pathloss makes only the first
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prohibit timer restart and a transmission of the PHR based on power backoff according
to an increase or reduction in the PMPR may make both the first prohibit timer and the
second prohibit timer restart.

In Table 2, it is described that two types of prohibit timers are provided, but this is
merely illustrative and three or more prohibit timers may be provided. In this case, two
different prohibit timers may be prohibited by a single prohibit timer.

Meanwhile, in another example, in order to control configuration of the periodic
timer and the prohibit timer by the RRC layer, the BS may transmit an RRC message
such as MAC-MainConfig information element of Table 3. Table 3 shows a case in

which a single prohibit timer is provided.

Table 3
[Table 3]
MAC-MainConfig ::= SEQUENCE {
phr-Config CHOICE |
releass NULL,
zetup SEQUENCE {
periodicPHR-Tinmer ENUMERATED [(s£10, s£20, sf50, sf£100, sfz00,
s£500, 21000, infinitvi,
prohibitPHR-Timer ENUMERATED {=£0, =£10, s£20, s£50, sfl1G0,
3£200, =£500, sfloCo)y,
dl-PathlossChange ENUMERATED {dBl, dB3, dB6, infinity}
b

} OPTIONAL, -- Nesd ON

With reference to Table 3, the RRC message includes a periodic timer value and a
prohibit timer value. A single prohibit timer is provided and is able to prohibit
triggering of PHR based on every cause excluding PHR based on power backoff
according to an increase in the PMPR. Namely, the prohibit timer prohibits both
triggering of PHR based on power backoff according to a reduction in the PMPR and
triggering of PHR based on pathloss, excluding PHR based on power backoff
according to an increase in the PMPR. When n number of subframes have lapsed by
sfn, the prohibit timer expires, and when a PHR based on a certain cause is transmitted,
the prohibit timer restarts. When the prohibit timer restarts although it has not expired
yet, it is called reconfiguration the prohibit timer. Reconfiguration and restarting are
different in that a start point is before the prohibit timer expires or after the prohibit
timer expires, and when the prohibit timer is reset or restarts, time at which the prohibit

timer expires is the same.
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3. Triggering PHR

A PHR is triggered when trigger conditions are met. As mentioned above, elements
defining the trigger conditions include a power backoff variation (increment or
decrement), a pathloss variation, and a timer. These elements are associated to define
trigger conditions. The PHR is basically triggered under the conditions in which the
power backoff decrement is greater than a threshold value, the periodic timer has
expired, or a pathloss variation is greater than a threshold value and the prohibit timer
has expired. Exceptionally, the PHR is triggered under the conditions in which power
backoff increment is greater than a threshold value. Hereinafter, the trigger conditions
for triggering a PHR will be described, and a case in which a single prohibit timer is
provided as shown in Table 3 and a plurality of prohibit timers are provided as shown
in Table 2 will be described. In particular, on the assumption that a single prohibit
timer is provided, a case in which a PHR based on power backoff according to an
increase in the PMPR is transmitted and the prohibit timer restarts, in otherwise case,
and a case in which only expired prohibit timer restarts will be described.

Also, a case in which the periodic timer expires forms the same conditions as that of
the case in which a variation of pathloss is greater than a pathloss threshold value.
Thus, the substituting of the case in which the periodic timer expires to the case in
which the pathloss variation is greater than the pathloss threshold value obtains the
same result.

(1) In case in which a single prohibit timer is provided, and the prohibit timer does
not restart after the PHR based on power backoff according to an increase in the PMPR
is performed.

For example, the PHR may be triggered when the periodic timer expires.

In another example, the PHR may be triggered when the prohibit timer expires and
when the periodic timer expires or the pathloss variation is greater than the pathloss
threshold value.

In another example, the PHR may be triggered when the prohibit timer expires and
power backoff decrement is greater than the power backoff threshold value.

In another example, the PHR may be triggered when power backoff increment is
greater than the power backoff threshold value. In this case, the PHR may be triggered
although the prohibit timer has not expired yet.

FIG. 11 is a view explaining triggering of power headroom report (PHR) according
to an embodiment of the present invention. FIG. 11 shows a case in which a single
prohibit timer is provided, and the prohibit timer does not restart after the PHR based
on power backoff according to an increase in the PMPR is performed.

With reference to FIG. 11, PHR triggering based on pathloss (PH) (or PHR
triggering by PH) and PHR triggering based on power backoff (PB) (or PHR triggering
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by PB) are controlled by the single prohibit timer. The PHR triggering by PB includes
PHR triggering by PB according to an increase in the PMPR (or PHR triggering by
PMPR up) and PHR triggering by PB according to a reduction in the PMPR (or PHR
triggering by PMPR down). Based on the passage of time, points in time B1 to BS at
which the decrement of power backoft is greater than the power backoff threshold
value relatively frequently occurs in comparison to points in time Al, A2, and A3 at
which the variation of pathloss is greater than the pathloss threshold value.

In principle, two trigger conditions should be met to trigger PHR. First, a condition 1
of PHR triggering is met when the periodic timer expires, when the variation of
pathloss is greater than the pathloss threshold value, or when the decrement of power
backoff is greater than power backoff threshold value.

A condition 2 of PHR triggering is met when the prohibit timer expires. When both
condition 1 and condition 2 are met, PHR is triggered and a transmission of the PHR is
made.

However, exceptionally, when the increment of power backoff is greater than the
power backoff threshold value, although the prohibit timer has not expired yet, the
PHR is triggered. This is a condition 3. When the condition 3 is met, the trigger
condition is met although the condition 1 and the condition 2 are not met. The reason is
because, if the increment of power backoff is greater than the power backoff threshold
value, a power scaling down phenomenon occurs to degrade performance. After the
PHR was transmitted as the trigger conditions were met, although not much time has
lapsed since then, the PHR is transmitted again in order to prevent the power scaling
down phenomenon.

At a point in time A1, the periodic timer has expired or the variation of pathloss is
greater than the pathloss threshold value (PHR triggering by PL), so the condition 1 is
met, but since the prohibit timer has not expired yet, the condition 2 is not met.
Similarly, at points in time B1 and B2, decrement of power backoff is greater than the
threshold value of power backoff so the condition 1 is met, but since the prohibit timer
has not expired yet, the condition 2 is not met. Accordingly, PHR is not triggered at
points in time Al, B1, and B2.

Next, at a point in time A2, both condition 1 and condition 2 are met, so the PHR is
triggered and a transmission of the PHR (PHR Tx) occurs. Since the condition 1 and
the condition 2 were met so transmission of the PHR has occurred, the prohibit timer
restarts at this point in time. At a point in time B3 at which the prohibit timer has not
expired after it restarted, the condition 1 is met and the condition 2 is not met, so PHR
is not triggered.

However, at a point in time C1, the increment of power backoff is greater than the

threshold value of power backoff, satisfying the condition 3. When the condition 3 is
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met, even before the prohibit timer expires (namely, although the condition 2 is not
met), the PHR is triggered (PHR triggering by PMPR up) and a transmission of the
PHR (PHR Tx) occurs. However, when the condition 3 is met so the PHR is triggered,
the prohibit timer is not reset or does not restart.

After the prohibit timer expires, at a point in time B4, both the condition 1 and the
condition 2 are met so PHR is triggered and transmission of the PHR occurs. Since the
conditions 1 and 2 are met and the transmission of the PHR occurs, the prohibit timer
restarts at this point of time.

At points in time A3 and B35, the condition 1 is met while the condition 2 is not met,
so the prohibit timer prohibits the PHR from being triggered.

However, at a point in time C2, since the condition 3 is met, although the condition 2
is not met, the PHR is triggered and a transmission of the PHR (PHR Tx) occurs. Like
the point in time C1, at the point in time C2, the condition 3 is met and the PHR is
triggered, the prohibit timer is not reset or does not restart.

Like the point in time C3, at the points in time C1 and C2, the condition 3 is met and
the PHR is triggered, and a transmission of the PHR occurs. Since the condition 3 is
met and the PHR is triggered, the prohibit timer is not reset or does not restart. Thus,
starting of the prohibit timer does not take place.

In this manner, when the single prohibit timer controls triggering of the PHR due to
several causes at a time, overhead otherwise resulting from frequent PHR can be
minimized and process of triggering PHR can be clarified. Also, it helps inform the BS
about a transition of a change according to an increase in the PMPR. Since the
transmission of PHR (PHR Tx) according to a change in the increase in the PMPR
does not cause the prohibit timer to restart, triggering of PHR by the periodic timer or
the variation of pathloss is prevented from being prohibited by the prohibit timer unin-
tentionally. In FIG. 11, it is described that triggering of PHR and transmission of PHR
concurrently occur for the sake of explanation, but this is merely illustrative and
triggering of PHR and transmission of PHR may occur at different points in time.

(2) In case in which a single prohibit timer is provided and the prohibit timer is reset
or restarts after PHR based on power backoff according to an increase in PMPR is
performed.

For example, PHR may be triggered when the periodic timer expires.

In another example, PHR may be triggered when the prohibit timer expires and the
periodic timer expires or a pathloss variation is greater than a pathloss threshold value.

In another example, PHR may be triggered when the prohibit timer expires and
power backoff decrement is greater than a power backoff threshold value.

In another example, PHR may be triggered when power backoff increment is greater

than the power backoff threshold value. In this case, although the prohibit timer has not
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expired yet, PHR can be triggered.

FIG. 12 is a view explaining triggering of power headroom report (PHR) according
to another embodiment of the present invention. FIG. 12 shows a case in which only a
single prohibit timer is provided and the prohibit timer is reset or restarts after PHR
based on power backoff according to an increase in the PMPR is performed.

With reference to FIG. 12, triggering of PHR as the periodic timer expires or based
on pathloss (PHR triggering by PL) and triggering of PHR based on power backoff are
controlled by a single prohibit timer. The PHR triggering by PB includes PHR
triggering by PB according to an increase in the PMPR (PHR triggering by PMPR up)
and PHR triggering by PB according to a reduction in the PMPR (PHR triggering by
PMPR down). Based on the passage of time, points in time B1 to B6 at which the
decrement of power backoff is greater than the power backoft threshold value
relatively frequently occurs in comparison to points in time Al, A2, and A3 at which
the variation of pathloss is greater than the pathloss threshold value.

In principle, two trigger conditions should be met to trigger PHR. First, a condition 1
of PHR triggering is met when the periodic timer expires, when the variation of
pathloss is greater than the pathloss threshold value, or when the decrement of power
backoff is greater than power backoff threshold value. A condition 2 of PHR triggering
is met when the prohibit timer expires. When both condition 1 and condition 2 are met,
PHR is triggered and a transmission of the PHR is made.

However, exceptionally, when the increment of power backoff is greater than the
power backoff threshold value to meet the condition 3 of triggering of PHR, although
the prohibit timer has not expired yet, the PHR is triggered. This is to prevent a
degradation of performance due to a power scaling down phenomenon occurring when
the increment of power backoff is greater than the power backoff threshold value.

When the example of FIG. 12 is compared with the example of FIG. 11, the fact that
triggering and transmission of PHR occur according to the condition 1 to condition 3 is
the same, while the fact that when the condition 3 is met and PHR is transmitted, the
prohibit timer is reset or restarts is different.

At a point in time A1, the periodic timer has expired or the variation of pathloss is
greater than the pathloss threshold value, so the condition 1 is met, but since the
prohibit timer has not expired yet, the condition 2 is not met. Similarly, at points in
time B1 and B2, decrement of power backoff is greater than the threshold value of
power backoff so the condition 1 is met, but since the prohibit timer has not expired
yet, the condition 2 is not met. Accordingly, PHR is not triggered at points in time Al,
B1, and B2.

Next, at a point in time A2, both condition 1 and condition 2 are met, so the PHR is

triggered and a transmission of the PHR occurs. Since transmission of the PHR has
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occurred, the prohibit timer restarts at this point in time. At a point in time B3 at which
the prohibit timer has not expired after it restarted, the condition 1 is met and the
condition 2 is not met, so PHR is not triggered.

At a point in time C1, the increment of power backoff is greater than the threshold
value of power backoff, satisfying the condition 3. When the condition 3 is met, even
before the prohibit timer expires (namely, although the condition 2 is not met), the
PHR is triggered (PHR triggering by PMPR down) and a transmission of the PHR
(PHR Tx) occurs. Unlike the embodiment of FIG. 11, in the embodiment of FIG. 12,
even when the condition 3 is met so the PHR is triggered, the prohibit timer is reset or
restarts.

At a point in time B4, the condition 1 is met, but since the prohibit timer which re-
started at the point in time C1 has not expired yet, the condition 2 is not met so PHR is
not triggered.

At a point in time B35, both the condition 1 and the condition 2 are met so PHR is
triggered (PHR triggering by PMPR down) and transmission of the PHR occurs. Since
the transmission of the PHR occurs, the prohibit timer restarts at this point of time.

At points in time A3 and B6, the condition 1 is met while the condition 2 is not met,
so the prohibit timer prohibits the PHR from being triggered.

In this manner, when the single prohibit timer controls triggering of the PHR due to
several causes at a time, overhead otherwise resulting from frequent PHR can be
minimized and process of triggering PHR can be clarified. In particular, since the PHR
according to the condition 3 is transmitted and the prohibit timer restarts, overhead can
be further reduced. Also, since the reconfiguration operation of the prohibit timer has
consistency win relation to the transmission of PHR (PHR Tx), the operation of the
prohibit timer is prevented from being complicated. Also, in FIG. 12, it is described
that triggering of PHR and transmission of PHR concurrently occur for the sake of ex-
planation, but this is merely illustrative and triggering of PHR and transmission of
PHR may occur at different points in time.

(3) In case in which a single prohibit timer is provided and when PHR based on
power backoff according to an increase in the PMPR is performed, only the prohibit
timer which has expired restarts.

For example, PHR may be triggered when the periodic timer expires.

In another example, PHR may be triggered when the prohibit timer expires and the
periodic timer expires or a pathloss variation is greater than a pathloss threshold value.

In another example, PHR may be triggered when the prohibit timer expires and
power backoff decrement is greater than a power backoff threshold value.

In another example, PHR may be triggered when power backoff increment is greater

than the power backoff threshold value, although the prohibit timer has not expired yet.
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FIG. 13 is a view explaining triggering of power headroom report (PHR) according
to another embodiment of the present invention. In FIG. 13, a single prohibit timer is
provided, and when PHR based on power backoff according to an increase in the
PMPR is performed, only the prohibit timer which has expired restarts.

With reference to FIG 13, triggering of PHR based on expiration of the periodic
timer or pathloss (PHR triggering by PL) and triggering of PHR based on power
backoff (PHR triggering by PB) are controlled by a single prohibit timer.

The condition 1 to condition 3, as conditions under which PHR is triggered, are the
same as those of the cases (1) and (2). In principle, when both the condition 1 and the
condition 2 are met, PHR is triggered, and exceptionally, when only the condition 3 is
met, PHR is triggered.

When the example of FIG. 13 is compared with the examples of FIG. 11 and FIG.
12, the fact that triggering and transmission of PHR occur according to the condition 1
to condition 3 is the same, while the fact that when the condition 3 is met and PHR is
transmitted, only the prohibit timer which has expired restarts is different.

At a point in time A1, the periodic timer has expired or the variation of pathloss is
greater than the pathloss threshold value, so the condition 1 is met, but since the
prohibit timer has not expired yet, the condition 2 is not met. Similarly, at points in
time B1 and B2, decrement of power backoff is greater than the threshold value of
power backoff so the condition 1 is met, but since the prohibit timer has not expired
yet, the condition 2 is not met. Accordingly, PHR is not triggered at points in time Al,
B1, and B2.

Next, at a point in time A2, both condition 1 and condition 2 are met, so the PHR is
triggered and a transmission of the PHR (PHR Tx) occurs. Since the condition 1 and
the condition 2 are met and transmission of the PHR has occurred, the prohibit timer
restarts at this point in time. At a point in time B3 at which the prohibit timer has not
expired after it restarted, the condition 1 is met and the condition 2 is not met, so PHR
is not triggered.

At a point in time C1, the condition 3 is met, so although the condition 2 is not met,
the PHR is triggered (PHR triggering by PMPR up) and a transmission of the PHR
(PHR Tx) occurs. Unlike the embodiment of FIG. 12, in the embodiment of FIG. 13,
the condition 3 is met, but since the prohibit timer has not expired yet, the prohibit
timer does not restart.

At a point in time B35, both the condition 1 and the condition 2 are met so PHR is
triggered (PHR triggering by PMPR down) and transmission of the PHR (PHR Tx)
occurs. Since the transmission of the PHR occurs, the prohibit timer restarts at this

point of time.
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At a point in time C2, the condition 3 is met, so although the condition 2 is not met,
PHR is triggered and a transmission of PHR occurs. Unlike the point in time C1, in the
case of the point in time C2, the prohibit timer has expired, so the prohibit timer does
not restart.

At a point in time B6, the condition 1 is met while the condition 2 is not met, so the
prohibit timer prohibits the PHR from being triggered.

In this manner, when the single prohibit timer controls triggering of the PHR due to
several causes at a time, overhead otherwise resulting from frequent PHR can be
minimized and process of triggering PHR can be clarified. In particular, since the PHR
according to the condition 3 is transmitted and the prohibit timer restarts, overhead can
be further reduced. Since the transmission of PHR (PHR Tx) according to a change in
the increase in the PMPR does not cause the prohibit timer to restart, triggering of PHR
by the periodic timer or the variation of pathloss is prevented from being prohibited by
the prohibit timer unintentionally. Also, in FIG. 13, it is described that triggering of
PHR and transmission of PHR concurrently occur for the sake of explanation, but this
is merely illustrative and triggering of PHR and transmission of PHR may occur at
different points in time.

(4) In case in which a plurality of prohibit timers are provided

As shown in Table 2, a plurality of prohibit timers may be provided. A technical
concept regarding an operation of cooperatively operating two prohibit timers, namely,
first and second prohibit timers, to prohibit PHR triggering may also be applied to a
case in which three or more prohibit timers are provided, in the same manner.

For example, PHR may be triggered when the periodic timer expires.

In another example, the PHR may be triggered when the first prohibit timer expires
and when the periodic timer expires or the pathloss variation is greater than the
pathloss threshold value.

In another example, the PHR may be triggered when the first or second prohibit
timer expires and power backoff decrement is greater than the power backoff threshold
value.

In another example, the PHR may be triggered when the second prohibit timer
expires and power backoff increment is greater than the power backoff threshold value

To sum up, the first prohibit timer prohibits triggering when the periodic timer
expires or when the pathloss variation is greater than the pathloss threshold value and
triggering when the power backoff decrement is greater than the power backoff
threshold value. Also, the second prohibit timer prohibits triggering when the power
backoff increment is greater than the power backoff threshold value and triggering
when the power backoff decrement is greater than the power backoff threshold value.

The value of the first prohibit timer and that of the second prohibit timer may be
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equal or different. When the value of the first prohibit timer and that of the second
prohibit timer are different, the value of the first prohibit timer may be greater or
smaller than the value of the second prohibit timer.

Meanwhile, In case in which PHR is triggered and transmitted when the periodic
timer expires or the pathloss variation is greater than the pathloss threshold value, both
the first and second prohibit timers may restart or only the first prohibit timer may
restart. Hereinafter, the case in which both the first prohibit timer and the second
prohibit timer restart will be described with reference to FIG. 14 and the case in which
only the first prohibit timer restarts will be described with reference to FIG. 15.
Meanwhile, in both the cases of FIGS. 14 and 15, in case in which PHR is triggered
and transmitted when the power backoff increment is greater than the power backoff
threshold value and when the power backoff decrement is greater than the power
backoff threshold value, only the second prohibit timer restarts.

FIG. 14 is a view explaining triggering of power headroom report (PHR) according
to another embodiment of the present invention. FIG. 14 shows a case in which two
prohibit timers are provided, and when PHR is triggered and transmitted in case in
which the periodic timer expires or a pathloss variation is greater than the pathloss
threshold value, the first and second prohibit timers are reset or restart together.

With reference to FIG. 14, triggering of PHR based on expiration of the periodic
timer and pathloss (PHR triggering by PL) and triggering of PHR based on power
backoff (PHR triggering by PB) are controlled by two prohibit timers.

The PHR triggering by PB includes PHR triggering by PB according to an increase
in the PMPR (or PHR triggering by PMPR up) and PHR triggering by PB according to
a reduction in the PMPR (or PHR triggering by PMPR down).

In principle, two trigger conditions should be met to trigger PHR. First, the condition
1 of PHR triggering is met when the periodic timer expires, when the variation of
pathloss is greater than the pathloss threshold value, or when the decrement of power
backoff is greater than power backoff threshold value.

Whether or not the condition 2 is met may be differently interpreted according to
what is the cause of trigger. Namely, with respect to PHR triggering based on the ex-
piration of the periodic timer or pathloss, the condition 2 is that the first prohibit timer
should expire, while with respect to PHR triggering based on power backoff according
to a reduction in the PMPR, the condition 2 is that both the first and second prohibit
timers should expire.

Exceptionally, when the increment of power backoff is greater than the power
backoff threshold value, the condition for PHR triggering is met. This is called the
condition 3.

When a single prohibit timer is provided, when the condition 3 is met, PHR is
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triggered and transmitted without being prohibited by the prohibit timer. However,
when two prohibit timers are provided, the condition 2 is determined such that that the
second prohibit timer should be met although the condition 3 is met.

To sum up, in case in which two prohibit timers are provided, when the condition 1 is
met, PHR is triggered when the condition 2 is also met, and also, when the condition 3
is met, PHR is triggered when the condition 2 is met.

Whether or not the trigger conditions are met at each point in time is determined as
follows.

First, at a point in time A1, the periodic timer has expired or the variation of pathloss
is greater than the pathloss threshold value, so the condition 1 is met, but since the first
prohibit timer has not expired yet, the condition 2 is not met. Similarly, at points in
time B1 and B2, decrement of power backoff is greater than the threshold value of
power backoff so the condition 1 is met, but since the first or second prohibit timer has
not expired yet, the condition 2 is not met. Also, at a point in time C1, the increment of
power backoff is greater than the power backoff threshold value, satisfying the
condition 3, but since the second prohibit timer has not expired yet, the condition 2 is
not met. Accordingly, PHR is not triggered at points in time Al, B1, B2, and C1.

Next, at a point in time B3, a decrement of power backoff is greater than the power
backoff threshold value, satisfying the condition 1, and since both the first and second
prohibit timers have expired, the condition 2 is met, so PHR is triggered (PHR
triggering by PMPR down) and a transmission of PHR (PHR Tx) occurs. When the
decrement of power backoff is greater than the power backoft threshold value, the first
prohibit timer does not restart and only the second prohibit timer restarts.

At a point in time C2, the condition 3 is met, but the second prohibit timer has not
expired yet after it restarted, the condition 2 is not met, and thus, PHR is not triggered.

At a point in time A2, the periodic timer has expired or a variation of pathloss is
greater than the pathloss threshold value, satisfying the condition 1, and since the first
prohibit timer has expired, the condition 2 is also met. Thus, PHR is triggered (PHR
triggering by PL) and a transmission of PHR (PHR Tx) occurs. Since the transmission
of PHR has occurred because the variation of pathloss is greater than the pathloss
threshold value, the first prohibit timer which has already expired restarts, and the
second prohibit timer which has not expired yet is reset to restart.

At a point in time B4, the first and second prohibit timers have not expired yet after
they restarted, the condition 1 is met but the condition 2 is not met, so PHR is not
triggered.

At a point in time A3, since the first prohibit timer has not expired yet after it
restarted, the condition 1 is met but the condition 2 is not met, so PHR is not triggered.

At a point in time C3, since the second prohibit timer has expired, the condition 2 is
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met irrespective of the first prohibit timer. Since both the condition 3 and condition 2
are met, PHR is triggered (PHR triggering by PMPR up) and a transmission of PHR
(PHR Tx) occurs. The second prohibit timer restarts. However, the first prohibit timer
is not reset or does not restart.

At a point in time A4, the periodic timer expires and the variation of pathloss is
greater than the pathloss threshold value, satisfying the condition 1, and since the first
prohibit timer has expired, the condition 2 is also met. Thus, since the transmission of
PHR has occurred because the periodic timer expired and the variation of the pathloss
was greater than the pathloss threshold value, both the first and second prohibit timers
which have already expired restart.

In FIG. 14, it is described that the value of the second prohibit timer is smaller than
that of the first prohibit timer, but this is merely illustrative and the value of the second
prohibit timer may be greater than that of the first prohibit timer.

FIG. 15 is a view explaining triggering of power headroom report (PHR) according
to another embodiment of the present invention. FIG. 15 shows a case in which two
prohibit timers are provided, and only the first prohibit timer restarts according to a
transmission of PHR triggered when the periodic timer expires or when a pathloss
variation is greater than the pathloss threshold value. Also, only the second prohibit
timer restarts according to a transmission of a PHR triggered according to the
increment or decrement of power backoft.

With reference to FIG. 15, the condition 1, the condition 2, and the condition 3 for
triggering PHR are determined by the same method as described above with reference
to FIGL 14. Here, however, the case of FIG. 15 is different from the case of FIG. 14, in
that the first prohibit timer and the second prohibit timer restart or are reset by a
different cause.

Whether or not the trigger conditions are met at each point in time is determined as
follows.

First, at a point in time A1, the periodic timer has expired or the variation of pathloss
is greater than the pathloss threshold value, so the condition 1 is met, but since the first
prohibit timer has not expired yet, the condition 2 is not met. Similarly, at points in
time B1 and B2, decrement of power backoff is greater than the threshold value of
power backoff so the condition 1 is met, but since the first or second prohibit timer has
not expired yet, the condition 2 is not met. Also, at a point in time C1, the increment of
power backoff is greater than the power backoff threshold value, satisfying the
condition 3, but since the second prohibit timer has not expired yet, the condition 2 is
not met. Accordingly, PHR is not triggered at points in time Al, B1, B2, and C1.

Next, at a point in time B3, a decrement of power backoff is greater than the power

backoff threshold value, satisfying the condition 1, and since both the first and second
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prohibit timers have expired, the condition 2 is met, so PHR is triggered (PHR
triggering by PMPR down) and a transmission of PHR (PHR Tx) occurs. When the
transmission of PHR occurs, only the second prohibit timer restarts.

At a point in time A2, since the first prohibit timer has expired, both the condition 1
and the condition 2 are met, so PHR is triggered (PHR triggering by PL) and a
transmission of PHR occurs PHR Tx). Unlike the embodiment of FIG. 14, when the
PHR transmission occurs because the periodic timer expired and the variation of
pathloss was greater than the pathloss threshold value, only the first prohibit timer
which has already expired restarts and the second prohibit timer which has not expired
yet is not reset or does not restart.

At a point in time C2, the second prohibit timer has not expired yet, so the condition
2 is not met, and at a point in time A3, the first prohibit timer has not expired yet, so
the condition 2 is not met, and at a point in time B4, the first prohibit timer has not
expired yet, so the condition 2 is not met. Thus, PHR is not triggered at points in time
C2, A3, and B4.

At a point in time C3, the increment of power backoff is greater than the power
backoff threshold value, satisfying the condition 3, and since the second first prohibit
timer has not expired yet, so the condition 2 is not met has expired, the condition 2 is
also met. Thus, PHR based on power backoff is triggered (PHR triggering by PMPR
up) and a transmission of PHR occurs (PHR Tx). And, only the second prohibit timer
restarts. However, the first prohibit timer is still reset does not restart.

At a point in time B35, the second prohibit timer has not expired yet, so the condition
2 is not met, and thus, PHR is not triggered.

At a point in time A4, the periodic timer has expired or the variation of pathloss is
greater than the pathloss threshold value, satisfying the condition 1, and since the first
prohibit timer has expired, the condition 2 is met. Thus, the MS triggers PHR and
transmits the PHR to the BS. At this time, only the first prohibit timer restarts. The
second prohibit timer does not restart yet.

In FIG. 15, it is described that the value of the second prohibit timer is smaller than
that of the first prohibit timer, but this is merely illustrative and the value of the second
prohibit timer may be greater than that of the first prohibit timer.

As described above with reference to FIGS. 14 and 15, when the plurality of prohibit
timers are provided, triggering of PHR according to the periodic timer or the variation
of pathloss can be prevented from being prohibited unintentionally by the transmission
of the PHR (PHR Tx) based on power backoff. The unintentional prohibition refers to
a situation in which starting of the first prohibit timer is affected by the transmission of
the corresponding PHR (PHR Tx), so triggering of PHR by the periodic timer or the

variation of pathloss is prohibited. Besides, unnecessary transmission of PHR (PHR
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Tx) due to backoff through the second prohibit timer can be prevented.

As described above with reference to FIGS. 11 to 15, the timing of triggering of PHR
varies according to 1) whether or not a single prohibit timer is provided or a plurality of
prohibit timers are provided, and ii) whether or not restart or reset points in time of the
plurality of prohibit timers are associated or independent according to trigger factors.
In short, the points in time at which PHR is triggered include A2, B4, C1, and C2 in
FIG. 11, A2, BS, and C1 in FIG. 12, A2, B4, C1, and C2 in FIG. 13, A2, A4, B3, and
C3in FIG. 14, and A2, A4, B3, and C3 in FIG. 15.

In this manner, when a single prohibit timer is provided, the periodic timer expires,
the variation of pathloss is greater than the pathloss threshold value, of the decrement
of power backoft is greater than the power backoff threshold value. Thus, although the
condition 1 for triggering PHR is met, if the condition 2 is not met, PHR is not
triggered. Namely, the condition 2 is determined in consideration of the prohibit timer,
so the PHR is dependent upon the operation scheme of the prohibit timer. However,
when the increment of power backoff is greater than the power backoff threshold
value, the condition 3 is met, so PHR is triggered irrespective of the operation scheme
of the prohibit timer.

Meanwhile, when two prohibit timers are provided, when the condition 3, as well as
the condition 1, is met, the condition 2 should be met. Namely, the first prohibit timer
or the second prohibit timer is considered in every case, so PHR is dependent upon the
operation scheme of the prohibit timers.

FIG. 16 is a view explaining an embodiment in which PHR is triggered on the basis
of a plurality of prohibit timers according to the present invention. FIG. 16 shows an
example in which after PHR based on power backoff according to an increase in the
PMPR is performed, a prohibit timer does not restart. In this case, PHR is triggered
under the condition that a PHR available state is maintained for a certain period of time
(trigger time (or Time To Trigger: TTT)). Maintaining the PHR available state for TTT
is applied only to triggering PHR when a decrement of power backoff is greater than
the power backoff threshold value. Namely, the corresponding PHR is triggered when
the state in which the decrement of power backoff is greater than the threshold value is
maintained for TTT. In FIG. 16, only the variation of the PMPR is illustrated.

With reference to FIG. 16, power backoff (P-MPR) changes over time, and the
condition 1 may include a case in which the decrement of power backoff is greater
than the power backoff threshold value. Although not shown in FIG. 16, the case in
which the variation of pathloss is greater than the pathloss threshold value or the case
in which the periodic timer expires may be included in the condition 1. The condition 2
is a case in which the prohibit timer expires, and the condition 3 is a case in which the

increment of power backoff is greater than the power backoff threshold value. Or, the
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condition 1 to condition 3 may be defined based on new reference amounts.
Meanwhile, a PHR transmission occurs at a timing when both the condition 1 and the
condition 2 are met or when the condition 3 is met. The prohibit timer restarts by every
PHR excluding PHR according to a case in which the increment of power backoff is
greater than the threshold value.

For example, at a point in time t,, both the condition 1 and the condition 2 are met, so
PHR is triggered and transmitted. At this time, the prohibit timer restarts.

At a point in time t;, the prohibit timer has not expired yet, so the condition 1 is met
while the condition 2 is not met.

At a point in time t,, there is no change in the PMPR based on t,, so the condition 1 is
not met nor the condition 2 is met, and thus, PHR transmission does not occur. The
reason for comparing the change in the PMPR at t, based on t, is because a PHR
transmission has not occurred at the point in time t;. In this manner, a variation of the
PMPR or a variation of pathloss at a current point in time are measured based on the
point in time at which the PHR is transmitted. For example, a variation of PMPR at t,
is OdB.

At t;, the condition 1 and the condition 2 are met, and if this state is maintained for
TTT, the condition 4 would be met. However, before TTT expires, the power backoff
value is increased at t4, so the condition 1 is not maintained. Since the condition 4 is
not met, HPR is not triggered. Here, the condition 4 is a new trigger condition, which
corresponds only to triggering according to a reduction in the power backoff value. It
is required to maintain the state in which the condition 1 (in FIG. 16, it is limited to a
case in which the decrement of power backoff is greater than the threshold value) and
the condition 2 are met for a certain period of time (during TTT). Namely, a point in
time at which PHR is triggered is not when the condition 1 and the condition 2 are first
met, but a point at which the state in which the condition 1 and the condition 2 are met
has been maintained during TTT. This is because, with respect to the reduction in the
power backoff value, a change in a state of a voice call can be recognized when the
corresponding reduction state is maintained until when TTT has lapsed.

Meanwhile, at t5, the condition 1 and the condition 2 are met, and when this state is
maintained during TTT, the condition 4 is met. Thus, at ts, the MS triggers PHR.

With respect to PHR according to the condition 3, the condition 4 is not considered.

At t;, the condition 3 is met, and a PHR transmission occurs. Although the PHR
transmission occurs, since it is based on the condition 3, the prohibit timer does not
restart.

Here, in case in which the PHR based on FIG. 16 interworks with the PHR based on
pathloss (PHR trigger by PL) as shown in FIGS. 11 to 15, the description with

reference to FIGS. 11 to 15 can be applied as it is. For example, the prohibit timer in
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FIG. 16 may be the second prohibit timer in FIGS. 14 and 15, and likewise as in FIGS.
14 and 15, PHR triggering may occur or may be prohibited. In this case, the TTT con-
stituting the condition 4 does not have priority over the first prohibit timer. Namely,
when the first prohibit timer expires, although the TTT has not lapsed, the PHR based
on pathloss or the periodic PHT may be still triggered.

FIG. 16 shows an example in which the prohibit timer does not restart after the PHR
based on power backoff according to an increase in the PMPR is performed, and the
present invention is not limited thereto. Namely, even when the prohibit timer restarts
or only the prohibit timer which has expired restarts after the PHR based on power
backoff according to an increase in the PMPR is performed, content that the PHR is
triggered when the condition 4 according to TTT is met can be applied in the same
manner.

Also, in FIG. 16, the maintaining during TTT is described only for triggering of PHR
with respect to a case in which the decrement of power backoff is greater than the
power backoff threshold value, but the present invention is not limited thereto and may
also be applicable to case in which the periodic timer expires or the variation of
pathloss is greater than the pathloss threshold value or to a case in which the increment
of power backoff is greater than the power backoff threshold value.

FIG. 17 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to an embodiment of the present invention, in which when a single
prohibit timer is provided and increment of power backoff is greater than the threshold
value of power backoff (condition 3), the prohibit timer does not restart.

With reference to FIG. 17, an MS receives an uplink grant from a BS (S1700). The
uplink grant, which is downlink control information (DCI) having a format O or 4 for
allocating uplink resource with respect to the MS, is transmitted on a PDCCH. The
uplink grant may be configured as shown in Table 4 below.

Table 4
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[Table 4]

- Flag for format0/format] A differentiation ~ 1 bit, where value ( indicates format 0 and value 1 indicates
format 1A

- Frequency hopping flag - 1 bit

m n
- Resource block assignment and hopping resource allocation - |log, (Ngg (Ngx +1)/2)|  bits

- For PUSCH hopping:

- Nup e MSB bits are used to obtain the value of Ho.,(7)

- ( log, (N (Npx +1)/ 2)] - NBL,W} bits provide the resource allocation of the first slot in the
UL subframe
- For non-hopping PUSCH:

r v AR . L.
- [ log, (Ngg (Nag +1)/ 2)‘1 | bits provide the resource allocation in the UL subframe

/
~ Moduilation and coding scheme and redundancy version - 5 bits

- New data indicator - 1 bit

- TPC command for scheduled PUSCH - 2 bits

- Cyclic shift for DM RS - 3 bits

- UL index ~ 2 bits (this field is present only for TDD operation with uplink-downlink configuration 0)

- Downlink Assignment Index (DAI) - 2 bits (this field is present only for TDD operation with uplink-
downlink configurations 1-6)

With reference to Table 4, the uplink grant includes information regarding RB, MCS,
TPC, or the like.

The MS measure a current prohibit timer (S1705). Points in time at which the
prohibit timer starts or restarts are the same as described above. The current prohibit
timer may be measured in units of subframes (or by subframe).

The MS determines whether or not the prohibit timer has expired based on a value of
the prohibit timer (S1710). When the prohibit timer does not expire, the trigger
condition 2 is not met. Thus, PHR triggering by power backoff according to a
reduction in the PMPR (or PHR triggering by PMPR down) or PHR triggering by ex-
piration of the periodic timer or a variation of pathloss does not take place.

When the prohibit timer expires, since the trigger condition 2 is met, the MS
compares the pathloss variation (APL) and the pathloss threshold value (PLy), and
determines whether or not the periodic timer has expired (S1715).

When APL>PLy or when the periodic timer has expired, the trigger condition 1 is
met. Although both the trigger condition 1 and the condition 2 are met, if there is no

uplink resource, PHR cannot be transmitted. Thus, the MS determines whether or not



WO 2012/138089 PCT/KR2012/002460

[279]

[280]

[281]

[282]

[283]

[284]

[285]

[286]

[287]

[288]

[289]

36

uplink resource for transmitting PHR has been secured (S1720). If uplink resource has
been secured, the MS transmits PHR to the BS (S1725). And, the MS makes the
prohibit timer restart (S1730).

In step S1720, if uplink resource has not been secured, the MS skips a transmission
of PHR (S1735).

In step S1715, if it is not APL>PLy and the periodic timer has not expired, the MS
determines whether or not power backoff decrement is greater than the power backoff
threshold value (S1740). When the power backoff decrement is greater than the power
backoff threshold value, trigger condition 1 is met. Thus, the MS performs the process
sequentially starting from step S1720. If the power backoff decrement is not greater
than the power backoff threshold value, the trigger condition 1 is not met, so the MS
terminates the procedure.

In step S1710, although the prohibit timer has not expired, triggering of PHR based
on power backoff according to an increase in the PMPR can be performed irrespective
of the condition 2, so it is determined whether or not the increment of power backoff is
greater than the threshold value of power backoff (S1745). Namely, it is determined
whether or not the condition 3 is met.

When the condition 3 is met, the MS transmits PHR to the BS (S1750). And, the MS
does not restart the prohibit timer but terminates the prohibit timer. When the condition
3 is not met, the MS terminates the procedure.

FIG. 18 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to another embodiment of the present invention. Like the embodiment
of FIG. 12, FIG. 18 shows a case in which a single prohibit timer is provided and the
prohibit timer restarts when PHR is triggered by the condition 3.

Thus, the embodiment of FIG. 18 is different from the embodiment of FIG. 17, in
that whether or not the prohibit timer restarts when PHR is triggered by the condition
3.

With reference to FIG. 18, the MS receives an uplink grant from the BS (S1800). The
uplink grant is the same as described above.

The MS measures a current prohibit timer (S1805). Starting or re-starting of the
prohibit timer is the same as described above. The current prohibit timer may be
measured in units of subframes.

The MS determines whether or not the prohibit timer has expired based on the
measured value of the prohibit timer (S1810).

When the prohibit timer has expired, since the trigger condition 2 is met, the MS
compares the pathloss variation APL and the pathloss threshold value PLyy and de-
termines whether or not the periodic timer has expired (S1815).

When APL>PLy or when the periodic timer has expired, the trigger condition 1 is
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met. Although both the trigger condition 1 and the condition 2 are met, if there is no
uplink resource, PHR cannot be transmitted. Thus, the MS determines whether or not
uplink resource for transmitting PHR has been secured (S1820). If uplink resource has
been secured, the MS transmits PHR to the BS (S1825). And, the MS makes the
prohibit timer restart (S1830).

In step S1820, if uplink resource has not been secured, the MS skips transmission of
PHR (S1835).

In step S1815, if it is not APL>PLy and the periodic timer has not expired, the MS
determines whether or not power backoff decrement is greater than the power backoff
threshold value (S1840). When the power backoff decrement is greater than the power
backoff threshold value, trigger condition 1 is met. Thus, the MS performs the process
sequentially starting from step S1820. If the power backoff decrement is not greater
than the power backoff threshold value, the trigger condition 1 is not met, so the MS
terminates the procedure.

In step S1810, although the prohibit timer has not expired, triggering of PHR based
on power backoff according to an increase in the PMPR can be performed irrespective
of the condition 2, so it is determined whether or not the increment of power backoff is
greater than the threshold value of power backoff (S1845). Namely, it is determined
whether or not the condition 3 is met.

When the condition 3 is met, the MS performs the process sequentially starting from
step S1825. If uplink resource has been secured, the MS transmits PHR to the BS and
makes the prohibit timer restart. When the condition 3 is not met, the MS terminates
the procedure.

FIG. 19 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to another embodiment of the present invention. Like the embodiment
of FIG. 13, FIG. 19 shows a case in which a single prohibit timer is provided, and
when the condition 3 is met, only the prohibit timer which has expired restarts.

Thus, the embodiment of FIG. 19 is different from the embodiment of FIG. 17, in
that whether or not the prohibit timer restarts by the condition 3, and different from the
embodiment of FIG. 18, in that the prohibit timer which has not expired restarts.

With reference to FIG. 19, the MS receives an uplink grant from the BS (S1900). The
uplink grant is the same as described above.

The MS measures a current prohibit timer (S1905). Starting or re-starting of the
prohibit timer is the same as described above. The current prohibit timer may be
measured in units of subframes.

The MS determines whether or not the prohibit timer has expired based on the
measured value of the prohibit timer (S1910).

When the prohibit timer has expired, since the trigger condition 2 is met, the MS
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compares the pathloss variation APL and the pathloss threshold value PLy; and de-
termines whether or not the periodic timer has expired (S1915).

When APL>PLy or when the periodic timer has expired, the trigger condition 1 is
met. Although both of the trigger conditions 1 and 2 are met, if there is no uplink
resource, PHR cannot be transmitted. Thus, the MS determines whether or not uplink
resource for transmitting PHR has been secured (S1920). If uplink resource has been
secured, the MS transmits PHR to the BS (S1925). And, the MS makes the prohibit
timer restart (S1930). In step S1920, if uplink resource has not been secured, the MS
skips transmission of PHR (S1935).

In step S1915, if it is not APL>PLy and the periodic timer has not expired, the MS
determines whether or not power backoff decrement is greater than the power backoff
threshold value (S1940). When the power backoff decrement is greater than the power
backoff threshold value, trigger condition 1 is met. Thus, the MS performs the process
sequentially starting from step S1920. If the power backoff decrement is smaller than
the power backoff threshold value, the trigger condition 1 is not met, so the MS
terminates the procedure.

In step S1910, although the prohibit timer has not expired, triggering of PHR based
on power backoff according to an increase in the PMPR can be performed irrespective
of the condition 2, so it is determined whether or not the increment of power backoff is
greater than the threshold value of power backoff (S1945). Namely, it is determined
whether or not the condition 3 is met.

When the condition 3 is met, the MS transmits PHR to the BS (S1950). And, the MS
determines whether or not the prohibit timer has expired (S1955). When the prohibit
timer has expired and has not started yet, the prohibit timer restarts (S1960). If the
prohibit timer has not expired, the prohibit timer is not reset or does not restart.

In step S1945, when the condition 3 is not met, the MS terminates the procedure.
FIG. 20 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to another embodiment of the present invention. FIG. 20 shows a case
in which two prohibit timers are provided, both the first and second prohibit timers are
reset or restart according to PHR triggering based on a pathloss variation and only the
second prohibit timer is reset or restarts according to PHR triggering based on power

backoff, like the case of FIG. 14.

With reference to FIG. 20, the MS receives an uplink grant from the BS (S2000). The
MS measures current first and second prohibit timers (S2005).

The MS first determines whether or not the first prohibit timer has expired based on a
value of the first prohibit timer and that of the second prohibit timer (S2010). When the
first prohibit timer has expired, since the trigger condition 2 is met, the MS compares
the pathloss variation APL and the pathloss threshold value PLry (S2015). Also, the
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MS determines whether or not the periodic timer has expired. Or, PHR triggering may
occur even when the periodic timer has expired in step S2015.

When APL>PLy or when the periodic timer has expired in step S2015, the trigger
condition 1 is met. Although both of the trigger conditions 1 and 2 are met, if there is
no uplink resource, PHR cannot be transmitted. Thus, the MS determines whether or
not uplink resource for transmitting PHR has been secured (S2020). If uplink resource
has been secured, the MS transmits PHR to the BS (S2025). And, the MS makes both
the first and second prohibit timers restart (S2030). Namely, when transmission of
PHR based on pathloss occurs, both the first and second prohibit timers restart.

In step S2020, if uplink resource has not been secured, the MS skips transmission of
PHR (S2035).

In step S2015, if it is not APL>PLy and the periodic timer has not expired, the
trigger condition 1 is not met. The MS determines whether or not the second prohibit
timer has expired (S2040). If the second prohibit timer has not expired, the trigger
condition 2 is not met, so the MS terminates the procedure. If the second prohibit timer
has expired, the trigger condition 2 is met, so the MS determines whether or not power
backoff decrement is greater than the power backoff threshold value (5S2045). When
the power backoff decrement is greater than the power backoff threshold value, trigger
condition 1 is met. Thus, the MS determines whether or not uplink resource for
transmitting PHR has been secured (S2050). When uplink resource has been secured,
the MS transmits PHR to the BS (S2055) and makes only the second prohibit timer
restart (5S2060). Namely, when transmission of PHR based on power backoff according
to a reduction in the PMPR occurs, only the second prohibit timer restarts.

In step S2050, if uplink resource has not been secured, the MS skips transmission of
PHR (S2035).

In step S2010, when the first prohibit timer has not expired, the MS determines
whether or not the increment of power backoff is greater than the threshold value
(S2065). Namely, the MS determines whether or not the condition 3 is met.

When the condition 3 is met, the MS determines whether or not the condition 2 is
met as to whether or not the second prohibit timer has expired. Namely, the MS
performs steps sequentially starting from step S2040. When the condition 3 is not met,
the MS terminates the procedure.

FIG. 21 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to another embodiment of the present invention. FIG. 21 shows a case
in which two prohibit timers are provided, only the first prohibit timer is reset or restart
according to PHR triggering based on a pathloss variation and only the second prohibit
timer is reset or restart according to PHR triggering based on power backoff like the
case of FIG. 15.
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Thus, the embodiment of FIG. 21 is different from the embodiment of FIG. 20, in
that whether or not only the prohibit timer is reset restarts or whether or not both the
first and second prohibit timers are reset or restart by the PHR triggering based on a
pathloss variation.

With reference to FIG. 21, the MS receives an uplink grant from the BS (S2100). The
MS measures current first and second prohibit timers (S2105). The MS first determines
whether or not the first prohibit timer has expired based on a value of the first prohibit
timer and that of the second prohibit timer (S2110). When the first prohibit timer has
expired, since the trigger condition 2 is met, the MS compares the pathloss variation
APL and the pathloss threshold value PLy (S2115). Also, the MS determines whether
or not the periodic timer has expired. Or, PHR triggering may occur even when the
periodic timer has expired in step S2115.

When APL>PLy or when the periodic timer has expired in step S2115, the trigger
condition 1 is met. Although both of the trigger conditions 1 and 2 are met, if there is
no uplink resource, PHR cannot be transmitted. Thus, the MS determines whether or
not uplink resource for transmitting PHR has been secured (S2120). If uplink resource
has been secured, the MS transmits PHR to the BS (S2125). And, the MS makes only
the first prohibit timer restart (S2130). Namely, when transmission of PHR based on
pathloss occurs, only the first prohibit timer restarts, and the second prohibit timer is
not affected.

In step S2120, if uplink resource has not been secured, the MS skips transmission of
PHR (S2135).

In step S2115, if it is not APL>PLy and the periodic timer has not expired, the
trigger condition 1 is not met. The MS determines whether or not the second prohibit
timer has expired (S2140). If the second prohibit timer has not expired, the trigger
condition 2 is not met, so the MS terminates the procedure.

If the second prohibit timer has expired, the trigger condition 2 is met, so the MS de-
termines whether or not power backoff decrement is greater than the power backoff
threshold value (S2145). When the power backoff decrement is greater than the power
backoff threshold value, trigger condition 1 is met. Thus, the MS determines whether
or not uplink resource for transmitting PHR has been secured (S2150). When uplink
resource has been secured, the MS transmits PHR to the BS (S2155) and makes only
the second prohibit timer restart (S2160). Namely, when transmission of PHR based on
power backoff according to a reduction in the PMPR occurs, only the second prohibit
timer restarts and the first prohibit timer is not affected.

In step S2150, if uplink resource has not been secured, the MS skips transmission of
PHR (S2135).

In step S2110, when the first prohibit timer has not expired, the MS determines



WO 2012/138089 PCT/KR2012/002460

[323]

[324]

[325]

[326]

[327]

[328]

[329]

[330]

[331]

[332]

41

whether or not the increment of power backoff is greater than the threshold value
(S2165). Namely, the MS determines whether or not the condition 3 is met.

When the condition 3 is met, the MS determines whether or not the condition 2 is
met and performs the process sequentially starting from step S2140. When the
condition 3 is not met, the MS terminates the procedure.

FIG. 22 is a flow chart illustrating a method of performing PHR of a mobile station
(MS) according to another embodiment of the present invention.

With reference to FIG. 22, the BS transmits prohibit timer configuration information
to the MS (52200). The prohibit timer configuration information includes information
regarding a length of the first prohibit timer and that of the second prohibit timer. The
length of the first prohibit timer and that of the second prohibit timer may be in units of
subframes. The prohibit timer configuration information, as an RRC message, may
have a format as shown in Table 2 or Table 3.

The BS transmits an uplink grant to the MS (S2210). The uplink grant is, for
example, as shown in Table 4.

The BS receives PHR transmitted through uplink resource allocated by the uplink
grant from the MS (S2220).

FIG. 23 is a block diagram showing a terminal (or an MS) and a BS performing PHR
according to an embodiment of the present invention.

With reference to FIG. 23, a MS 2300 includes a downlink reception unit 2305, a
trigger prohibition unit 2310, a PHR generation unit 2315, and an uplink transmission
unit 2320.

The downlink reception unit 2305 receives an uplink grant or an RRC message from
a BS 2350. The RRC message includes prohibit timer configuration information or a
MAC-MainConfig information element. For example, the RRC message may be as
shown in Table 2 or Table 3.

The trigger prohibition unit 2310 measures a variation of pathloss with respect to a
sub-serving cell set in the MS 2300 and increment or decrement of power backoff,
measures a first prohibit timer 2311 and a second prohibit timer 2312 used to prohibit
PHR triggering, and generates or prohibits triggering of first PHR based on the
variation of pathloss and triggering of a second PHR based on the increment or
decrement of power backoff, based on the state of the first prohibit timer 2311 and the
second prohibit timer 2312.

For example, when the first does not expire, the trigger prohibition unit 2310
prohibits triggering of the first PHR and triggering of the second PHR. Or, the trigger
prohibition unit 2310 generates or prohibits triggering of the second PHR based on the
state of the second prohibit timer 2312. Or, when any one of triggering of the first PHR
and triggering of the second PHR is triggered and transmitted, the trigger prohibition
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unit 2310 make at least one of the first prohibit timer 2311 and the second prohibit
timer restart 2312.

In detail, the trigger prohibition unit 2310 may prohibit or perform triggering of PHR
according to any one of procedures illustrated in FIGS. 17 to 21. Namely, when the
variation of pathloss if greater than a pathloss threshold value or when the decrement
of power backoff is greater than power backoff threshold value, the trigger prohibition
unit 2310 determines that the condition 1 is met and determines that the trigger
condition 2 is met according to expiration of the first prohibit timer 2311 or the second
prohibit timer 2312. Also, when the increment of power backoff is greater than the
power backoff threshold value, the trigger prohibition unit 2310 determines that the
condition 3 is met.

When the trigger condition are not met, the trigger prohibition unit 2310 prohibits
PHR triggering, and when the trigger condition is met, the trigger prohibition unit 2310
triggers PHR and informs the PHR generation unit 2315 accordingly.

For another example, the trigger prohibition unit 2310 generates or prohibits
triggering of report of the power headroom by considering a variation of pathloss (PL)
with respect to the at least one serving cell and a varation of power backoftf (PB)
caused by other communication system which the MS supports, and by considering a
time value received from a base station (BS) through a radio resource control (RRC)
message.

For another example, the trigger prohibition unit 2310 prohibits the report of the
power headroom by considering increment or decrement of the PB, or by considering
increment or decrement of the PB and a variation of the PL.

For another example, the trigger prohibition unit 2310 generates the report of the PH
when increment of PB is greater than a predetermined threshold

For another example, the trigger prohibition unit 2310 includes a first prohibit timer
2311 prohibiting the report of the PH by considering decrement of the PB and variation
of the PL and a second prohibit timer 2312 prohibiting the report of the PH by con-
sidering increment or decrement of the PB. Also, the trigger prohibition unit 2310 may
measure whether the first prohibit timer 2311 and the second prohibit timer 2312
operate or not.

For another example, when the first prohibit timer 2311 does not expire, the trigger
prohibition unit 2310 prohibits both a report of power headroom triggered if decrement
of PB is greater than a predetermined threshold and a report of power headroom
triggered if variation of PL is greater than a predetermined threshold .

For another example, when the first prohibit timer 2311 expires, the trigger pro-
hibition unit 2310 may restart the first prohibit timer 2311 after a report of power

headroom in case that decrement of PB is greater than a predetermined threshold or
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variation of PL is greater than a predetermined threshold is triggered.

For another example, trigger prohibition unit 2310 generates or prohibits triggering
under the condition that a PHR available state continues for a certain trigger time.

The PHR generation unit 2315 generates a MAC control element (CE) for PHR, and
transfers the same to the uplink transmission unit 2320. The PHR generation unit 2315
calculates power headroom of at least one serving cell which the MS 2300 supports,
and generating a medium access control (MAC) message including the calculated PH;

The uplink transmission unit 2320 transmits the generated MAC CE for PHR to the
BS 2350. The uplink transmission unit 2320 transmits the MAC message which
includes the PH selectively based on trigger prohibition of the trigger prohibition unit,
to the BS.

The downlink reception unit 2305 receives an uplink grant considering the PH for al-
locating resource from the BS 2350.

The BS 2350 includes an RRC configuration unit 2355, a scheduling unit 2360, a
downlink transmission unit 2365, and an uplink reception unit 2370.

The RRC configuration unit 2355 configures a prohibit timer, generates an RRC
message including information regarding the prohibit timer, and transmits the
generated RRC message to the downlink transmission unit 2365.

The scheduling unit 2365 performs uplink scheduling for the MS 2300, and generates
an uplink grant to be transmitted via a PDCCH.

The downlink transmission unit 2365 transmits the RRC message or the uplink grant
to the MS 2300.

For example, a downlink transmission unit 2365 transmits a time value about length
of a first prohibit timer prohibiting a PHR by considering decrement of power backoff
(PB) and variation of the pathloss (PL), or a time value about length of a second
prohibit timer prohibiting a PHR by considering increment or decrement of the PB, to
the MSS 2300.

For another example, the downlink transmission unit 2365 transmits updated uplink
grant by considering the PHR, through a radio resource control message, to the MS
2300.

The uplink reception unit 2370 receives PHR transmitted by PHR triggering from the
MS 2300.

The embodiments of the present invention have been described with reference to the
accompanying drawings, and it will be apparent to those skilled in the art that various
modifications and variations can be made in the present invention without departing
from the scope of the invention. Thus, it is intended that any future modifications of
the embodiments of the present invention will come within the scope of the appended

claims and their equivalents.
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Claims
A mobile station (MS) performing power headroom report (PHR) in

wireless communication system, the MS comprising:

a PHR generation unit for calculating power headroom (PH) of at least
one serving cell which the MS supports, and generating a medium
access control (MAC) message including the calculated PH;

a trigger prohibition unit for generating or prohibiting triggering of
report of the PH by considering a variation of pathloss (PL) with
respect to the at least one serving cell and a varation of power backoff
(PB) caused by other communication system which the MS supports,
and by considering a time value received from a base station (BS)
through a radio resource control (RRC) message; and

an uplink transmission unit for transmitting the MAC message which
includes the PH selectively based on trigger prohibition of the trigger
prohibition unit, to the BS.

The MS of claim 1, further includes a downlink reception unit for
receiving an uplink grant considering the PH for allocating resource
from the BS;

The MS of claim 1, wherein the trigger prohibition unit is configured to
prohibit the report of the PH by considering increment or decrement of
the PB, or by considering increment or decrement of the PB and a
variation of the PL.

The MS of claim 3, wherein the trigger prohibition unit is configured to
generate the report of the PH when increment of PB is greater than a
predetermined threshold

The MS of claim 3, wherein the trigger prohibition unit further includes
a first prohibit timer prohibiting the report of the PH by considering
decrement of the PB and variation of the PL; and

a second prohibit timer prohibiting the report of the PH by considering
increment or decrement of the PB.

The MS of claim 5, wherein the time value received from the BS is the
length of the first prohibit timer and the second prohibit timer; and

the trigger prohibition unit further measures whether the first prohibit
timer and the second prohibit timer operate or not

The MS of claim 5, wherein when the first prohibit timer does not
expire, the trigger prohibition unit prohibits both a report of PH

triggered if decrement of PB is greater than a predetermined threshold
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[Claim 13]

[Claim 14]

[Claim 15]
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and a report of PH triggered if variation of PL is greater than a prede-
termined threshold .

The MS of claim 1, wherein when the first prohibit timer expires, the
trigger prohibition unit further comprising of restarting the first prohibit
timer after a report of PH in case that decrement of PB is greater than a
predetermined threshold or variation of PL is greater than a prede-
termined threshold is triggered.

The MS of claim 1, where the trigger prohibition unit generates or
prohibits triggering under the condition that a PHR available state
continues for a certain trigger time.

A method of performing power headroom report (PHR) by a mobile
station (MS) in wireless communication system, the method
comprising:

calculating power headroom (PH) of at least one serving cell which the
MS supports, and generating a medium access control (MAC) message
including the calculated PH;

generating or prohibiting triggering of report of the PH by considering
a variation of pathloss (PL) with respect to the at least one serving cell
and a varation of power backoftf (PB) caused by other communication
system which the MS supports, and by considering a time value
received from a base station (BS) through a radio resource control
(RRC) message; and

transmitting the MAC message which includes the PH selectively based
on trigger prohibition of the trigger prohibition unit, to the BS.

The method of claim 10, further comprises receiving an uplink grant
considering the PH for allocating resource from the BS;

The method of claim 10, wherein triggering of the report of the PH is
prohibited by considering increment or decrement of the PB, or by con-
sidering increment or decrement of the PB and a variation of the PL.
The method of claim 12, wherein triggering of the report of the PH is
generated when a increment of PB is greater than a predetermined
threshold

The method of claim 12, wherein triggering of report of the PH is
generated of prohibited by using a first prohibit timer prohibiting the
report of the PH by considering decrement of the PB and variation of
the PL and a second prohibit timer prohibiting the report of the PH by
considering increment or decrement of the PB.

The method of claim 14, wherein the time value received from the BS
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is the length of the first prohibit timer and the second prohibit timer;
and

further measuring whether the first prohibit timer and the second
prohibit timer operate or not

The method of claim 14, wherein when the first prohibit timer does not
expire, further prohibiting both a report of PH triggered if decrement of
PB is greater than a predetermined threshold and a report of PH
triggered if variation of PL is greater than a predetermined threshold .
The method of claim 10, wherein when the first prohibit timer expires,
restarting the first prohibit timer after a report of PH in case that
decrement of PB is greater than a predetermined threshold or variation
of PL is greater than a predetermined threshold is triggered.

The method of claim 10, wherein the triggering is generated or
prohibited under the condition that a PHR available state continues for
a certain trigger time.

A base station (BS) performing power headroom report (PHR) in
wireless communication system, the BS comprising:

a downlink transmission unit for transmitting a time value about length
of a first prohibit timer prohibiting a PHR by considering decrement of
power backoff (PB) and variation of the pathloss (PL), or a time value
about length of a second prohibit timer prohibiting a PHR by con-
sidering increment or decrement of the PB, to a mobile station (MS);
and

a uplink reception unit for receiving the PHR through uplink resource
allocated by uplink grant, from the MS

wherein the downlink transmission unit transmits updated uplink grant
by considering the PHR, through a radio resource control message, to
the MS.
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