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POWER HEADROOM REPORT METHOD
AND APPARATUS FOR MOBILE
COMMUNICATION SYSTEM SUPPORTING
CARRIER AGGREGATION

Matter enclosed in heavy brackets | ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS-REFERENCE TO RELATED
APPLICATION

Morve than one reissue has been filed for this patent: U.S.
application Ser. No. 16/934,675, which was filed on Jul. 21,
2020, is a continuation reissue of this application, U.S.
application Ser. No. 16/169,706, which was filed on Oct. 24,
2018, which is a veissue of U.S. Pat. No. 9,480,030.

[This] U.S. Pat. No. 9,480,030 is a continuation applica-
tion of prior U.S. patent application assigned Ser. No.

13/289,602 filed Nowv. 4, 2011, which i1ssued as U.S. Pat. No.
9,144,039 on Sep. 22, 20135; which claims the benefit under
35 U.S.C. §119(e) of a U.S. provisional patent application
filed on Nov. 5, 2010 in the United States Patent and
Trademark Ofhlice and assigned Ser. No. 61/410,493, and
under 35 U.S.C. §119(a) of a Korean patent application filed
on Nov. 2, 2011 in the Korean Intellectual Property Office
and assigned Serial No. 10-2011-0113229, the entire disclo-
sures ol which are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present mvention relates to a method and apparatus
for a mobile communication system. More particularly, the
present invention relates to an improved power headroom
report method and apparatus for a mobile communication
system supporting carrier aggregation.

2. Description of the Related Art

Mobile communication systems have been developed to
provide subscribers with voice communication services on
the move. With the advancements of various technologies,
the mobile communication systems have evolved to support
high speed data communication services as well as the voice
communication services.

Recently, as a next generation mobile communication
system of the 3" Generation Partnership Project (3GPP),
Long Term Evolution (LTE) 1s under development. The LTE
system 1s a technology for realizing high-speed packet-based
communication at about 100 Mbps. Regarding the commer-
cialization of the LTE system, a discussion 1s being held on
several schemes, namely one scheme for reducing the num-
ber of nodes located 1n a communication path by simplifying
a configuration of the network, and another scheme for
maximally approximating wireless protocols to wireless
channels.

Unlike voice communication service, data communica-
tion service 1s characterized 1n that the resource 1s allocated
according to the amount of data to be transmitted and
channel conditions. Accordingly, in the wireless communi-
cation system, such as cellular communication system, a
scheduler manages resource allocation in consideration of
the amount of resources, channel conditions, and amount of
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data. It 1s also the case 1n the LTE system that the scheduler,
which 1s located in the base station, manages and allocates

the radio resources.

Recently, LTE-Advanced (LTE-A) 1s actively being dis-
cussed as an evolution of the LTE with new techniques to
increase the data rate. Carrier Aggregation (CA) 1s one of the
representative techniques that are newly adopted 1in LTE-A.
Unlike data communication of the related art in which a User
Equipment (UE) uses a single uplink carrier and a single
downlink carner, the carrier aggregation enables the UE to
use multiple uplink and/or downlink carriers. Since the
uplink transmission power determination algorithm of the
related art 1s designed for the UE operating with one uplink
carrier and one downlink carrier, 1t 1s diflicult to apply the
transmission power determination process of the related art
for uplink transmission power determination of the UE
supporting carrier aggregation. In particular, there 1s a need
to define a procedure and method for reporting Power

Headroom (PH) of the UE supporting carrier aggregation.

SUMMARY OF THE

INVENTION

Aspects of the present invention are to address at least the
above-mentioned problems and/or disadvantages and to
provide at least the advantages described below. Accord-
ingly, an aspect of the present invention 1s to provide a
method and apparatus for transmitting and recerving Power
Headroom (PH) information for multiple carriers efliciently
in a mobile communication system supporting carrier aggre-
gation.

It 1s another object of the present mnvention to provide a
method and apparatus for triggering a PH Report (PHR)
more efliciently 1n a mobile commumnication system support-
Ing carrier aggregation.

In accordance with an aspect of the present invention, a
method for obtaining, by a user equipment (UE), power
headroom information 1n a communication system 1s pro-
vided. The method includes acquiring information for a path
loss reference, wherein the information for the path loss
reference indicates whether the UE applies as the path loss
reference either a downlink of a primary cell or a downlink
of a secondary cell (SCell), triggering a power headroom
report (PHR) 1f a prohibitPHR-Timer expires and a path loss
1s changed more than a threshold for at least one activated
cell which 1s used as the path loss reference, and obtaining
power headroom information for each activated cell, i
extended PHR 1s used and an uplink resource 1s allocated for
new transmission.

In accordance with another aspect of the present mven-
tion, a user equipment (UE) for obtaining power headroom
information 1n a commumnication system 1s provided. The UE
includes a transceiver configured to transmit and receive a
signal, and a controller. The controller 1s configured to
acquire mnformation for a path loss reference, wherein the
information for the path loss reference indicates whether the
UE applies as the path loss reference either a downlink of a
primary cell or a downlink of a secondary cell (SCell),
trigger a power headroom report (PHR) if a prohibitPHR -
Timer expires and a path loss 1s changed more than a
threshold for at least one activated cell which 1s used as the
path loss reference, and obtain power headroom information
for each activated cell, 1t extended PHR 1s used and an
uplink resource 1s allocated for new transmission.

In accordance with another aspect of the present mven-
tion, a method for recerving power headroom information by
a base station 1n a communication system 1s provided. The

method includes transmitting information for a path loss
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reference to a user equipment (UE), wherein the information
for the path loss reference indicates whether the UE applies
as the path loss reference either a downlink of a primary cell
or a downlink of a secondary cell (SCell), and receiving a
power headroom information for each activated cell from
the terminal. A power headroom report (PHR) for the power
headroom information is triggered if a prohibitPHR-Timer
expires and a path loss 1s changed more than a threshold for
at least one activated cell which 1s used as the path loss
reference.

In accordance with still another aspect of the present
invention, a base station for receiving power headroom
information 1 a communication system 1s provided. The
base station includes a transcerver configured to transmit and
receive a signal, and a controller. The controller 1s config-
ured to transmit information for a path loss reference to a
user equipment (UE), wherein the information for the path
loss reference indicates whether the UE applies as the path
loss reference either a downlink of a primary cell or a
downlink of a secondary cell (SCell), and receive a power
headroom information for each activated cell from the
terminal. A power headroom report (PHR) for the power
headroom information 1s triggered if a prohibitPHR-Timer
expires and a path loss 1s changed more than a threshold for
at least one activated cell which 1s used as the path loss
reference.

Other aspects, advantages, and salient features of the
invention will become apparent to those skilled 1n the art
from the following detailed description, which, taken 1n
conjunction with the annexed drawings, discloses exemplary
embodiments of the mvention.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
certain exemplary embodiments of the present invention will
be more apparent from the following description taken in
conjunction with the accompanying drawings, in which:

FIG. 1 1s a diagram 1llustrating an architecture of a Long
Term Evolution (LTE) mobile communication system
according to an exemplary embodiment of the present
invention;

FIG. 2 1s a diagram 1illustrating a protocol stack of a
mobile communication system according to an exemplary
embodiment of the present invention;

FIG. 3 1s a diagram 1llustrating exemplary carrier aggre-
gation 1n an LTE mobile communication system according
to an exemplary embodiment of the present invention

FIG. 4 1s a diagram 1illustrating a principle of carrier
aggregation 1n an LTE mobile communication according to
an exemplary embodiment of the present mnvention;

FIG. 5 1s a diagram 1illustrating an exemplary scenario of
Power Headroom (PH) reporting according to an exemplary
embodiment of the present invention;

FIG. 6 1s a diagram 1illustrating a principle of determining,
downlink carrier on which path loss 1s referenced according
to an exemplary embodiment of the present invention;

FI1G. 7 1s a flowchart 1llustrating a power headroom report
method according to an exemplary embodiment of the
present ivention; and

FIG. 8 1s a block diagram 1llustrating a configuration of a
User Equipment (UE) according to an exemplary embodi-
ment of the present invention.

Throughout the drawings, 1t should be noted that like
reference numbers are used to depict the same or similar
elements, features, and structures.
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DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

The following description with reference to the accom-
panying drawings 1s provided to assist in a comprehensive
understanding of exemplary embodiments of the ivention
as defined by the claims and their equivalents. It includes
various specific details to assist 1n that understanding but
these are to be regarded as merely exemplary. Accordingly,
those of ordinary skill 1in the art will recognize that various
changes and modifications of the embodiments described
herein can be made without departing from the scope and
spirit of the invention. In addition, descriptions of well-
known functions and constructions may be omitted for
clanity and conciseness.

The terms and words used 1n the following description
and claims are not limited to the bibliographical meanings,
but, are merely used by the inventor to enable a clear and
consistent understanding of the imvention. Accordingly, 1t
should be apparent to those skilled in the art that the
following description of exemplary embodiments of the
present invention 1s provided for illustration purpose only
and not for the purpose of limiting the invention as defined
by the appended claims and their equivalents.

It 1s to be understood that the singular forms “a,” “an,”
and “the” include plural referents unless the context clearly
dictates otherwise. Thus, for example, reference to “a com-
ponent surface™ includes reference to one or more of such
surfaces.

Exemplary embodiments of the present invention relate to
a method and apparatus for reporting Power Headroom (PH)
information for multiple uplink carriers efliciently in a
mobile communication system supporting carrier aggrega-
tion.

For convenience 1n description, the exemplary embodi-
ments of the present invention are described in the context
of a mobile communication system described below with
reference to FIGS. 1, 2, and 3. However, the present inven-
tion 1s not limited to the mobile communication system
described herein and 1s equally applicable to other mobile
communication systems.

FIG. 1 1s a diagram 1illustrating an architecture of a Long,
Term Evolution (LTE) mobile communication system
according to an exemplary embodiment of the present
invention.

Referring to FIG. 1, the Radio Access Network (RAN) of
the LTE mobile commumnication system includes evolved
Node Bs (eNBs) 105, 110, 115, and 120, a Mobility Man-
agement Entity (MME) 125, and a Serving-Gateway
(S-GW) 130. The User Equipment (UE) 1335 connects to an
external network via eNBs 105, 110, 115, and 120 and the
S-GW 130.

The eNBs 105, 110, 115, and 120 perform a similar
function as legacy node Bs of a Universal Mobile Commu-
nications System (UMTS). However, as compared to the
legacy node Bs, the eNBs 105, 110, 115, and 120 allow the
UE to establish a radio link and are responsible for more
complicated functions. In the LTE system, all the user traflic
including real time services such as Voice over Internet
Protocol (VoIP) are provided through a shared channel and
thus there 1s a need for a device which 1s located in the eNB
to schedule data based on the state information of the UEs.
In order to implement a data rate of up to 100 Mbps, the LTE
system adopts Orthogonal Frequency Division Multiplexing
(OFDM) as a radio access technology. Also, the LTE system
adopts Adaptive Modulation and Coding (AMC) to deter-
mine the modulation scheme and channel coding rate based
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on the channel conditions experienced by the UE. S-GW 130
1s an enfity to provide data bearers so as to establish and
release data bearers under the control of the MME 125.
MME 125 1s responsible for various control functions and 1s
connected to the plurality of eNBs 105, 110, 115, and 120.

FIG. 2 1s a diagram illustrating a protocol stack of a
mobile communication system according to an exemplary
embodiment of the present invention.

Referring to FI1G. 2, the protocol stack of the LTE system
includes Packet Data Convergence Protocol (PDCP) layer
205 and 240, Radio Link Control (RLC) layer 210 and 235,
Medium Access Control (MAC) layer 215 and 230, and
Physical (PHY) layer 220 and 225. The PDCP layer 205 and
240 1s responsible for Internet Protocol (IP) header com-
pression/decompression. The RLC 210 and 235 1s respon-
sible for segmenting a PDCP Protocol Data Unit (PDU) into
segments of appropriate size for an Automatic Repeat
Request (ARQ) operation. The MAC layer 215 and 230 1s
responsible for establishing a connection to a plurality of
RLC entities so as to multiplex RLC PDUs into MAC PDUSs
and demultiplex the MAC PDUs into RLC PDUs. The PHY
layer 220 and 2235 performs channel coding on the MAC
PDU and modulates the MAC PDU 1nto OFDM symbols to
transmit over a radio channel or performs demodulating and
channel-decoding on the received OFDM symbols and
delivers the decoded data to a higher layer. In view of
transmission, the data input to a protocol entity 1s referred to
as Service Data Unit (SDU), and the data output by the
protocol entity 1s referred to as the PDU.

A description 1s made of Carrier Aggregation (CA) with
reference to FIG. 3.

FIG. 3 1s a diagram 1llustrating exemplary carrier aggre-
gation 1n an LTE mobile communication system according
to an exemplary embodiment of the present invention.

Referring to FIG. 3, an eNB can use multiple carriers
transmitted and recerved in diflerent frequency bands. For
example, the eNB 3035 can be configured to use the carrier
315 with center frequency 11 and the carrier 310 with center
frequency 13. If carrier aggregation 1s not supported, the UE
330 transmits/recerves a data unmit in one of the carriers 310
and 315. However, 1 carrier aggregation 1s supported, the
UE 330 can transmit/receive data using both the carriers 310
and 315. The eNB can increase the amount of resources to
be allocated to the UE 330 supporting carrier aggregation
based on the channel conditions experienced by the UE 330
so as to improve the data rate of the UE 330.

In a case where a cell 1s configured with one downlink
carrier and one uplink carrier, the carrier aggregation can be
understood as 1f the UE communicates data via multiple
cells. With the use of carrier aggregation, the maximum data
rate increases 1n proportion to the number of aggregated
carriers. The aggregated carriers are configured via Radio
Resource Control (RRC) signaling. In LTE, it 1s possible to
add or remove a carrier to or from the carrier aggregation
using an RRCConnectionReconfiguration  message.
Although a specific carrier 1s configured, data transmission
1s not vet performed. In order to use the corresponding
carrier, the carrier 1s activated by MAC signaling. In LTE,
the configured carrier 1s activated by a MAC Control Ele-
ment (CE) in a MAC PDU. Since the service 1s provided
through the multiple activated carriers, multiple serving
cells exist.

Meanwhile, 1n order to mitigate interference, the uplink
transmission power should be maintained below an appro-
priate level. For this purpose, the UE calculates the uplink
transmission power using a predetermined function and
performs uplink transmaission at the calculated uplink trans-
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mission power. For example, the UE calculates the required
uplink transmission power value by inputting the input
values such as the scheduling information including an
amount of resources and a Modulation and Coding Scheme
(MCS) allocated to the UE, and information used for esti-
mating the channel condition such as a path loss, and
performs uplink transmission by applying the calculated
uplink transmission power value. The available uplink trans-
mission power value of the UE 1s limited to the maximum
transmission power value of the UE such that when the
calculated transmission power value exceeds the maximum
transmission power value the UE performs the uplink trans-
mission at the maximum transmission power. In this case,
the uplink transmission power 1s not enough, resulting in
uplink transmission quality degradation. Accordingly, 1t 1s
preferred that the eNB performs scheduling such that the
required transmission power does not exceed the maximum
transmission power. However, since a few parameters such
as path loss cannot be determined by the eNB, the UE has
to report 1its PH value to the eNB by means of a PH Report
(PHR).

There are several factors influencing power headroom: 1)
an amount of allocated transmission resources, 2) an MCS
to be applied to uplink transmission, 3) a Path Loss (PL) of
the related downlink carrier, and 4) an accumulated value of
transmission power control command. Among them, the
path loss and the accumulated transmission power control
command value are variable according to the uplink carrier
such that, when multiple uplink carriers are aggregated, 1t 1s
preferred to configure the transmission of PHR per carrier.
However, in order to transmit the PHR efliciently, it can be
advantageous to report the PHs of all the uplink carriers on
one uplink carrier. Depending on the management policy, 1t
may be necessary to transmit the PH of the carrier on which
no Physical Uplink Shared CHannel (PUSCH) transmission
takes place. In this case, it can be more eflicient to report the
PHs of the multiple uplink carriers on a single uplink carrier.
For this purpose, the PHR of the related art should be
extended. The multiple PHs carried by a PHR can be
arranged 1n a predetermined order.

FIG. 4 1s a diagram 1illustrating a principle of carrier
aggregation in an LTE mobile communication according to
an exemplary embodiment of the present invention.

Referring to FIG. 4, five downlink carriers can be aggre-
gated for the UE including downlink carrier 1 405, downlink

carrier 2 410, downlink carrier 3 415, downlink carrier 4
420, and downlink carrier 5 425. Similarly, five uplink
carriers can be aggregated for the UE including uplink
carrier 1 430, uplink carrier 2 435, uplink carrier 3 440,
uplink carrier 4 445, and uplink carrier 5 450. Here, one of
the aggregated carriers can be selected to transmit the PHs
for the 5 uplink carriers. For example, when three uplink
carriers 440, 445, and 450 are aggregated for the UE, a PHR
can be configured to carry the PHs for the three uplink
carriers.

PHR 1s triggered when the path loss of the connected
downlink carrier 1s equal to or greater than a predetermined
threshold value, a prohibit PHR time expires, or a predeter-
mined time period elapses after the PHR generation. Once a
PHR has been triggered, the UE waits until the time for the
uplink transmission arrives, e.g., the time for which the
uplink transmission resource 1s allocated, rather than trans-
mitting the PHR immediately. This 1s because PHR 1is not
information that 1s very sensitive to delay. The UE transmits
PHR at the first uplink transmission. A PHR 1s MAC layer
control information and has the length of 8 bits. The first two
bits of a PHR are reserved for future use, and the remaining
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6 bits are used to indicate the value 1n the range between —23
dB and 40 dB as the PH of the UE. The UE calculates the
PH using the following equation:

PH()=P cazax,(1)-{10 log;o(Mpyscar(D))+
Po_pusca,§)+0() PLAA 7z (D)+(1) ] (1)

The PH(i) of the i”” subframe in the serving cell c is
calculated with the maximum uplink transmission power
Pcazax (1), number of resource blocks M, ¢z (1), power
offset dertved trom MCS A, ., Path Loss PL_, and accu-
mulated TPC commands {_(1). In equation (1), PL_ denotes
the pass loss of cell which provides information on the path
loss 1n the service cell c. The path loss used to determine
uplink transmission power of a certain serving cell 1s the
path loss of the downlink channel of the corresponding cell
or the path loss of a downlink channel of another cell. The
cell of which path loss 1s to be used 1s selected by the eNB
and noftified to the UE 1n the call setup process. In equation
(1), 1.(1) 1s the accumulated value of the accumulated
Transmission Power Control (TPC) commands of the serv-
ing cell ¢. Py prsem e denotes a higher layer parameter
corresponding to the sum of cell-specific and UE-specific
values. Typically, P, prscm. o 18 set to a value determined
depending on the transmission type of the PUSCH such as
semi-persistent scheduling, dynamic scheduling, and a ran-
dom access response. ¢.. denotes a 3-bit cell specific value
provided from a higher layer as the weight applied to the
path loss when calculating uplink transmission power (1.€.,
the higher this value 1s, the more the path loss intluences the
uplink transmission power), and its value 1s limited accord-
ing to the transmission type of the PUSCH. j denotes the
transmission type of the PUSCH. The parameter 7 1s set to O
for semi-persistent scheduling, 1 for dynamic scheduling,
and 2 for random access response. If there 1s no PUSCH
transmission, M., .., and A .. are not applied to equation
(1).

In the mobile communication system supporting carrier
aggregation, there can be a serving cell 1n which no PUSCH
transmission takes place and a serving cell in which PUSCH
transmission takes place. Also, the PH for a serving cell can
be reported 1n another serving cell. In the mobile commu-
nication system supporting carrier aggregation, when the
PHs of multiple serving cells are to be reported, the UE can
transmit the PHs 1n a single PHR. This method 1s advanta-
geous 1n that 1t reduces the signaling overhead as compared
to the method of transmitting the PHs individually, and the
eNB can acquire the PH for the carrier on which no PUSCH
1s transmitted.

FIG. 5 1s a diagram 1illustrating an exemplary scenario of
PH reporting according to an exemplary embodiment of the
present mvention.

Referring to FIG. 5, the diagram shows a scenario in
which each of two serving cells CC1 and CC2 transmits the
PHs of both the serving cells. In the time duration 505 for
which PUSCH transmission takes place in CC1 but not in
CC2, the UE can transmit MAC PDU 510 containing the
CC1 PH 515 and CC2 PH 520. Also, 1in the time duration
525 for which PUSCH transmission takes place in CC2 but
not in CC1, the UE can transmit MAC PDU 530 containing,
the CC1 H 535 and CC2 PH 540.

Typically, PHR 1s triggered when the path loss on the
downlink carrier associated with an uplink carrier becomes
equal to or greater than a predetermined threshold value or
a predetermined time period has elapsed after creating a
PHR 1n a serving cell.

The eNB provides a UE with the parameters related to the
PHR trigger operation. The parameters include period-
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iIcPHR -Timer, prohibitPHR-Timer, and dl-PathlossChange.
The periodicPHR-Timer 1s a timer for triggering PHR peri-
odically. In order to prevent PHR from being triggered too
frequently, the prohibitPHR-Timer 1s used. Also, PHR 1s
triggered when the path loss of the downlink carrier asso-
ciated with an uplink carrier becomes equal to or greater
than a predetermined threshold value, which 1s referred to as
dl-PathlossChange. In the PHR procedure of the related art,
the downlink carrier associated with an uplink carrier 1s
determined and fixed to a specific one. This means that the
path loss on the downlink carrier associated with the corre-
sponding uplink carrier 1s also fixed. In the system support-
ing carrier aggregation, however, there can be multiple
downlink carriers that can be associated with one uplink
carrier. In particular, the downlink carrier of which path loss
1s referenced can be a downlink carrier of another serving
cell other than the same serving cell. At this time, the eNB
notifies the UE of the cell in which path loss 1s referenced
for determining uplink transmission power through an RRC
signaling message. In the present exemplary embodiment,
the eNB notifies the UE of the serving cell of which
downlink carrier’s path loss 1s to be referenced for a PHR
trigger through an RRC control message. The serving cell of
which the downlink carrier’s path loss 1s referenced for
uplink transmission power configuration for a certain serv-
ing cell and the serving cell of which downlink carrier’s path
loss 1s to be referenced for determining a PHR trigger can be
identical with each other. In this case, 1t 1s possible to inform
of the two items of information simultaneously rather than
separately. In a case where a plurality of serving cells 1s
managed by an eNB, the eNB notifies the UE of the use of
extended PHR (or REL-10 PHR) and other information.
FIG. 6 1s a diagram 1illustrating a principle of determining
downlink carrier on which path loss 1s referenced according
to an exemplary embodiment of the present invention.
Referring to FI1G. 6, reference numbers 605, 610, and 615
denote serving cells 1, 2, and 3. A downlink carrier 620 of
the serving cell 605 1s associated with an uplink subcarrier
635 of the serving cell 605 and an uplink subcarrier 640 of
the serving cell 610. Also, a downlink carrier 625 of the
serving cell 610 1s associated with an uplink subcarrier 640
of the serving cell 610. Meanwhile, the serving cell 615 has
a downlink carrier 630 but no uplink carrier. Reference
numbers 635 and 640 denote uplink carriers. In an Second-
ary Cell (SCell) configuration process, the uplink carriers
635 and 640 are linked with the downlink carriers 620 and
625. I1 the service cell 605 1s configured as a Primary Cell
(PCell), the path loss of the downlink carrier 620 is refer-
enced to determine whether to trigger PHR for the uplink
carrier 635. If the path loss of a downlink carrier 1s refer-
enced, this means that the path loss of the downlink carrier
1s used for configuring the uplink transmission power origi-
nally, but the meaning 1s expended for a PHR trigger. That
1s, 1f the displacement of the path loss 1s considered as a
condition for a PHR trigger, this means that the path loss of
the indicated downlink carrier’s path loss 1s applied. In order
to trigger a PHR for uplink carrier 640, the path loss of the
downlink carrier 620 can be referenced in place of that of the
downlink carrier 625. The reason why the path loss of a
downlink carrier of other cell 1s used 1s because the received
power can be strong enough on a downlink carrier but weak
on another downlink carrier. Accordingly, by using the path
loss of the downlink carrier having good received signal
strength, 1t 1s possible to acquire more accurate displacement
of the path loss. The eNB notifies the UE of the downlink
carrier ol which path loss 1s previously referenced. When
configuring a SCell, the serving cell of which path loss 1s
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referenced for calculating uplink transmission power of the
SCell 1s 1mndicated 1n RadioResourceConfigDedicatedSCell
as SCell configuration information. Accordingly, a serving
cell can provide the path loss information or not. If a serving
cell provides pass loss information for the same serving cell
or other serving cell, the UE can determine whether to
trigger PHR by referencing the displacement of the path loss
of the corresponding serving cell. That 1s, the UE determines
whether to trigger PHR based on the displacement of the
path loss of the currently activated serving cell. In more
detail, the UE triggers PHR when the path loss of one or
more serving cells changes by as much as a predetermined
amount than the path loss at the most recent PHR transmis-
sion. Accordingly, if a serving cell 1s configured with an
uplink carrier but does not provide a path loss, the UE does
not trigger a PHR 1n response to the displacement of the path
loss of the downlink carrier of the corresponding serving
cell. In the UE procedure according to an exemplary
embodiment of the present invention, 1 REL-10 PHR 1s
configured with the SCell configuration and 11 a new uplink
transmission takes place, the UE reports PHs for all of the
activated serving cells that are configured with uplink car-
riers. This 1s to report the mnitial state after SCell configu-
ration. In order to use to determine whether to trigger PHR
alterward, the UE saves the path loss values of the downlink
carriers. The UE monitors to determine whether the dis-
placement of the path loss of the serving that 1s referenced
for estimating the path loss of each uplink carrier exceeds
dl-pathlosschange. If the path loss displacement 1s greater
than dl-PathlossChange on at least one uplink carrier and 1t
the prohibitPHR-Timer expires or has expired, the UE
triggers PHR 1mmediately for all of the activated serving
calls configured with uplink carriers.

FI1G. 7 1s a flowchart 1llustrating a power headroom report
method according to an exemplary embodiment of the
present mvention.

Referring to FI1G. 7, the UE first configures an SCell along
with a REL-10 PHR configuration in step 7035. In a case
where an eNB manages multiple serving cells, the extended
PHR 1s used always. If an uplink grant for a new transmis-
s10n 1s received 1n step 710 after the REL-10 PHR configu-
ration, the UE tniggers PHR for all activated service cells
configured with uplink carriers i step 715. In order to
determine whether to trigger PHR afterward, the UE saves
the path losses of reference downlink carriers in step 720.
Afterward, if an uplink grant for a new transmission 1s
received 1 step 725, the UE determines whether pro-
hibitPHR-Timer expires or has expired i step 730. IT
prohibitPHR-Timer has not expired, this means that PHR 1s
prohibited, and thus the UE returns to step 725 and waits
until a next uplink grant for a new transmission 1s recerved.
I1 the prohibitPHR-Timer expires or has expired, the UE, 1n
step 735, determines whether the path loss change on at least
one downlink carrier associated, for path loss reference, with
the uplink carrier 1s larger than di-PathlossChange. IT not,
the UE returns to step 7235 and waits until a next uplink grant
for a new transmission 1s received. I so, the UE triggers
PHR for all activated serving cells configured with uplink
carriers.

If PHR 1s tniggered, the UE calculates PHs for individual
uplink carriers and configures an extended PHR. Even when
there 1s no real PUSCH transmission, the eNB can trigger
PHR to acquire path loss mformation on a specific uplink
carrier. If PHR 1s triggered for a specific serving cell, the UE
determines a PH calculation scheme depending on whether
PUSCH 1s transmuitted. If there 1s a PUSCH transmission 1n
the corresponding serving cell, the UE calculates a PH
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according to the method of the related art using equation (1).
If there 1s no PUSCH transmission in the serving cell, this
means no transmission resource 1s allocated such that it 1s
not clear to determine the values of M ,; .~z and A - and, as
a consequence, a device allowing for the eNB and UE to
calculate and interpret the PH using the same M., .-, and
A ... This can be addressed with a fixed transmission format
(e.g., a transmission resource amount and MCS level) for
use 1n PH calculation 1n a case of no PUSCH transmission,
the transmission format being agreed upon between the UE
and the eNB. Assuming that the reference transmission
format 1s a combination of 1 Resource Block (RB) and a
lowest MCS level, both the M, -y and A are set to O and
this 1s the same as omitting these parameters in equation (1).
That 1s, since there 1s no real data transmission 1n the
corresponding serving cell, no P.,, ., (1) exists. Accord-
ingly, the value of P, (1) should be determined. For such
a virtual transmission, virtual P, (1) 1s defined and
adopted. Py, x (1) can be determined using the maximum
allowed UE output power P.,,,» and nominal UE power
P For example, P,y (1) can be determined as

PowerClass®

equation (2):

PCMﬁxc:miﬂ {PEMAX:PPawerCIass} (2)

has the relationship of P,y v 7=Pras =

P, . ... Here, if zero power back-off is considered,

Prrriv 1=Penssv and thus P, =P 1,5 7 At this time,

P..,,sistheleastoneof P, __ .. andP,,, . P,., 1 the

cell-specific maximum allowed UE transmission power, and
P orcraee 18 the UE-specific maximum allowed power.

Accordingly, when there 1s no PUSCH transmission 1n the

corresponding serving cell, PH 1s defined as equation (3):

P CMAX

PH(i):miﬂ{PEMAX:PPGWEFCEHH}_ {PG_PUSCH,c(j)'l'ﬂc(j)'

PL_+f (i)} (3)

where Py prscmor o 1(1), and PL_ are set to the values of
the serving cell for which PH is calculated for other than the
serving cell in which PH i1s transmitted. The PH calculated
by equation (3) 1s reported to the eNB along with other PHs
in the PHR transmitted 1n other serving cell. The eNB can
determine the PHs for individual serving cells with only one
PHR. However, there 1s a problem 1n that the eNB does not
know whether the individual serving cells’ PHs carried in
the PHR are calculated based on the real PUSCH transmis-
sions or a PUSCH reference format. Without this informa-
tion, 1t 1s not possible for the eNB to interpret the PHs
correctly, resulting i1n inethcient scheduling. In order to
address this problem, an indicator should be provided for
indicating whether each PH 1s calculated based on the real
PUSCH transmission or the PUSCH reference format in the
PHR format of the related art. Accordingly, a calculation
type 1indicator 1s included. The calculation type indicator can
be configured with 1 bit. When reporting a PH for a certain
cell, the UE sets the one-bit calculation type indicator to a
predetermined value (e.g., 0) to indicate that the PH 1s
calculated by applying a real transmission format or another
value (e.g., 1) to indicate that the PH 1s calculated by
applying the reference format (1.e., RB=0 and A, .=0)
because of no PUSCH transmission 1n the corresponding
cell.

FIG. 8 15 a block diagram 1llustrating a configuration of a
UE according to an exemplary embodiment of the present
invention.

Referring to FIG. 8, the UE includes a transceiver 805, a
PH calculator 815, a controller 810, a multiplexer/demulti-
plexer 820, a control message processor 835, and various

higher layer devices 8235 and 830.
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The transceiver 805 receives data and control signals on
the downlink carriers and transmits data and control signals
on the uplink carriers. In a case where a plurality of carriers
1s aggregated, the transceiver 805 can transmit/receive the
data and control signals over a plurality of carriers.

The controller 810 controls the multiplexer/demultiplexer
820 to generate MAC PDUs according to the control signal
received by means of the transceiver 805, e.g., the sched-
uling information 1n the uplink grant. The controller detects
the PHR trigger. If a PHR trigger 1s detected, the controller
810 controls the PH calculator 815 to calculate the PH.
Whether PHR 1s triggered can be determined by checking
the PHR parameter provided by the control message pro-
cessor 835. In a case where the PHs of multiple uplink
carriers are configured into a PHR, the controller 810
controls the multiplexer/demultiplexer 820 to insert into the
MAC PDU an indicator indicating whether the PH for each
carrier 1s dertved from a real P, ., or a virtual P, ,, -~ The
controller 810 generates the PHR with the PHs provided by
the PH calculator 815 and sends the PHR to the multiplexer/
demultiplexer 820. The PH calculator 815 calculates PH

according to the control signal from the controller 810 and
sends the PH to the controller 810. In a case where a
plurality of carriers 1s aggregated, the PH calculator 8135 can
calculate PHs for the respective carriers, and especially the
PH for the carrier having the PUSCH transmission being
calculated using a virtual P, ., +-

The multiplexer/demultiplexer 820 multiplexes the data
from the higher layer devices 825 and 830 and/or control
message processor 835 and demultiplexes the data recerved
by the transceiver 805 to the higher layer devices 825 and
830 and/or the control message processor 835.

The control message processor 8335 processes the control
message transmitted by the network and performs a corre-
sponding action. The control message processor 835 for-
wards the PHR parameter carried 1n the control message to
the controller 810 or the information on the newly activated
carriers to the transceiver 805 to set the carriers. The higher
layer devices 825 and 830 can be implemented for the
respective services so as to deliver the data generated by the

user service such as File Transter Protocol (FTP) and VoIP
to the multiplexer/demultiplexer 820 or process and deliver
the data from the multiplexer/demultiplexer 820 to the
service applications of the higher layer.

Although not depicted, the base station apparatus of an
exemplary embodiment of the present invention can 1nclude
a transceiver, a controller, and a scheduler. The transceiver
receives the extended PHR transmitted by the UE. The
controller analyzes the extended PHR to determine PH per
serving cell. The scheduler allocates uplink resources
according to the PH per serving cell.

As described above, the PHR method and apparatus of
exemplary embodiments of the present invention are capable
of reporting PHs for multiple carriers efliciently in the
mobile communication supporting carrier aggregation. The
power headroom report method and apparatus of the present
invention 1s capable of improving PH reporting efliciency 1n
the mobile communication system supporting carrier aggre-
gation.

While the invention has been shown and described with
reference to certain exemplary embodiments thereot, it waill
be understood by those skilled in the art that various changes
in form and details may be made therein without departing
from the spirit and scope of the invention as defined by the
appended claims and their equivalents.
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What 1s claimed 1s:

1. A method for obtaining, by a user equipment (UE),
power headroom information 1n a communication system,
the method comprising:

[acquiring] receiving, from a base station, a secondary
cell configuration message including first information
[for] o a path loss change and second information on
a path loss reference, wherein the first information [for
the path loss reference indicates whether the UE applies
as the path loss reference either a downlink of a primary

cell or a downlink of a secondary cell (SCell)] or the
path loss change indicates a threshold for triggering a
power headroom report (PHR) and the second infor-
mation on the path loss reference indicates one refer-
ence cell among a primary cell and the secondary cell,

triggering [a power headroom report (PHR) if] the PHR
for activated cells in a case that both a prohibitPHR-
Timer expires and a path loss is changed more than [a}
the threshold for at least one activated cell which 1s
used as the [path loss] reference cell among the acti-
vated cells; [and]

[obtaining] calculating power headroom information for
each activated cell with a configured uplink, [if
extended PHR is used and] in a case that an uplink
resource 1s allocated for new transmission; and

transmitting the power headroom information for each
activated cell with the configured uplink and an indi-
cator for each activated cell with the configured uplink,

wherein the indicator indicates whether the power head-
room information is based on a veal physical uplink
channel transmission or a physical uplink channel
reference format,

wherein, in a case that the power headroom information
is based on a real transmission of a physical uplink
channel, the power headroom information is calculated
based on a parameter related to a number of resource
blocks and a parameter derived from modulation and
coding scheme (MCS), and

wherein, in a case that the power headvoom information
is based on the physical uplink channel reference
format, the power headroom information is calculated
based on a maximum uplink transmission power, which
is equal to one of a maximum allowed UE output power
(Prasrsx) O a nominal UE power (P ), with the

powerclass

parameter related to the number of resource blocks
being set to 0 and the parameter derived from the MCS
being set to 0.

[2. The method of claim 1, wherein the downlink of the
secondary cell corresponding to an uplink 1s indicated by
adding the SCell ]

[3. The method of claim 1, wherein the power headroom
information for each activated cell 1s multiplexed with a
higher layer data.}

4. The method of claim 1, [further comprising:

generating a media access control (MAC) protocol data

unit (PDU) including] wherein the power headroom
information for each activated cell [and an indicator for
maximum transmit power information] with the con-
figured uplink is multiplexed with higher laver data.

5. The method of claim [4] /, wherein [if] ir a case that
the indicator is O the indicator indicates the [first type
maximum transmit power information] real physical uplink
channel transmission, and

wherein [if] ir a case that the indicator is 1 the indicator

indicates the [second type maximum transmit power
information] physical uplink channel reference format.
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6. A user equipment (UE) for obtaining power headroom

information in a communication system, the UE comprising:

a transceiver configured to transmit and receive a signal;
and

a controller configured to:

[acquire] receive, from a base station, a secondary cell
configuration message including first mnformation
[for] on a path loss change and second information
on a path loss reference, wherein the first informa-
tion [for the path loss reference indicates whether the
UE applies as the path loss reference either a down-
link of a primary cell or a downlink of a secondary
cell (SCell)] on the path loss change indicates a
threshold for triggering a power headroom report
(PHR) and the second information on the path loss
reference indicates one reference cell among a pri-
mary cell and the secondary cell,

trigger [a power headroom report (PHR) if] the PHR
for activated cells in a case that both a prohibi1tPHR -
Timer expires and a path loss 1s changed more than
[a] ¢/2e threshold for at least one activated cell which
is used as the [path loss] reference cell among the
activated cells, [and]

[obtain] calculate power headroom information for
each activated cell with a configured uplink, [if
extended PHR is used] in a case that an uplink
resource is allocated for new transmission, and [an
uplink resource is allocated for new transmission]

transmit the power headroom information for each
activated cell with the configured uplink and an
indicator for each activated cell with the configured
uplink,

wherein the indicator indicates whether the power head-

room information is based on a veal physical uplink

channel transmission or a physical uplink channel
reference format, and

wherein, in a case that the power headroom information

is based on a real transmission of a physical uplink

channel, the controller is further configured to calcu-

late the power headroom information based on a

parameter velated to a number of resource blocks and

a parameter derived from modulation and coding

scheme (MCS), and

wherein, in a case that the power headroom information

is based on the physical uplink channel veference

format, the controller is further configured to calculate
the power headroom information based on a maximum

uplink transmission power, which is equal to one of a

maximum allowed UE output power (Pr,,,.») or a

nominal UE power (P, . ciass), With the parameter

related to a number of resource blocks being set to 0

and a parvameter dervived from the MCS being set to 0.

[7. The UE of claim 6, wherein the downlink of the
secondary cell corresponding to an uplink 1s indicated by
adding the SCell ]

[8. The UE of claim 6, wherein the power headroom
information for each activated cell 1s multiplexed with a
higher layer data.]

9. The UE of claim 6, wherein [the controller is further
configured to generate a media access control (MAC) pro-
tocol data unit (PDU) including] the power headroom infor-
mation for each activated cell [and an indicator for maxi-
mum transmit power information] with the configured uplink
is multiplexed with higher laver data.

10. The UE of claim [9] 6, wherein if the indicator is O the
indicator indicates the [first type maximum transmit power
information] real physical uplink channel transmission, and
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wherein 1f the indicator 1s 1 the indicator indicates the
[second type maximum transmit power information]
physical uplink channel reference format.

11. A method for receiving power headroom information
by a base station 1n a communication system, the method
comprising;

transmitting, to a user equipment (UE), a secondary cell

configuration message including first information [for a
path loss reference to a user equipment (UE), wherein
the information for the path loss reference indicates
whether the UE applies as the path loss reference either
a downlink of a primary cell or a downlink of a
secondary cell (SCell)] on a path loss change and
second information on a path loss reference, wherein
the first information on the path loss change indicates
a threshold for triggering a power headroom rveport
(PHR) and the second information on the path loss
reference indicates one veference cell among a primary
cell and the secondary cell, and

receiving [a] the power headroom information for each

activated cell [from the terminal] with a configured
uplink and an indicator for each activated cell with the
configured uplink in a case that an uplink resource is
allocated for new transmission,

wherein [a power headroom report (PHR)] the PHR for

the power headroom information is triggered [if] iz a
case that both a prommb1tPHR-Timer expires and a path
loss is changed more than [a] #2e threshold for at least
one activated cell which is used as the [path loss}
reference cell among activated cells,

wherein the indicator indicates whether power headroom

information is based on a veal physical uplink channel
transmission ov a physical uplink channel reference
format, and

wherein, in a case that the power headroom information

is based on a real transmission of a physical uplink
channel, the power headroom information is calculated
based on a parvameter velated to a number of resource
blocks and a parameter derived from modulation and
coding scheme (MCS), and

wherein, in a case that the power headrvoom information

is based on the physical uplink channel reference
Jormat, the power headvoom information is calculated
based on a maximum uplink transmission power, which
is equal to one of a maximum allowed UL output power
(Peagax) or a nominal UE power (P, crc10ss), With the
parameter related to the number of rvesource blocks

being set to 0 and the parameter derived from the MCS
being set to 0.

[12. The method of claim 11, wherein the downlink of the
secondary cell corresponding to an uplink 1s indicated by
adding the SCell ]

[13. The method of claim 11, wherein the power head-
room 1nformation for each activated cell 1s multiplexed with
a higher layer data.}

14. The method of claim 11, [further comprising:

recerving a media access control (MAC) protocol data

unit (PDU) including] whereirn the power headroom
information for each activated cell [and an indicator for
maximum transmit power information] with the con-
figured uplink is multiplexed with higher layer data.

15. The method of claim [14] /7, wherein [if] iz a case
that the the indicator is O the indicator indicates the [first
type maximum transmit power information] real physical
uplink channel transmission, and
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wherein [if] iz a case that the indicator is 1 the indicator
indicates the [second type maximum transmit power
information] physical uplink channel reference format.
16. A base station for recerving power headroom infor-
mation 1 a communication system, the base station com-
prising;:
a transceiver configured to transmit and receive a signal;
and
a controller configured to:
transmit, fo a user equipment (UE), a secondary cell
configuration message including first mnformation
[for a path loss reference to a user equipment (UE),
wherein the information for the path loss reference
indicates whether the UE applies as the path loss

reference either a downlink of a primary cell or a
downlink of a secondary cell (SCell)] on a path loss

change and second information on a path loss rvef-
evence, wherein the first information on the path loss
change indicates a threshold for triggering a power
headroom report (PHR) and the second information
on the path loss reference indicates one reference
cell among a primary cell and the secondary cell,
and
receive [a] the power headroom information for each
activated cell [from the terminal] with a configured
uplink and an indicator for each activated cell with
the configured uplink in a case that an uplink
resource is allocated for new transmission,
wherein [a power headroom report (PHR)] the PHR for
the power headroom information is triggered [if] in a
case that both a prohibitPHR-Timer expires and a path
loss is changed more than [a] #ze threshold for at least
one activated cell which is used as the [path loss]
reference cell among activated cells,
wherein the indicator indicates whether power headroom
information is based on a real physical uplink channel
transmission ov a physical uplink channel reference
format,
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wherein, in a case that the power headrvoom information
is based on a real transmission of a physical uplink
channel, the controller is further configured to calcu-
late the power headroom information based on a
parameter velated to a number of resource blocks and

a parameter derived from modulation and coding

scheme (MCS), and

wherein, in a case that the power headrvoom information
is based on the physical uplink channel veference
Jormat, the controller is further configured to calculate
the power headroom information based on a maximum
uplink transmission power, which is equal to one of a
maximum allowed UE output power (Pri,,+) OF a
nominal UE power (P ), with the parameter

powerciass

related to a number of resource blocks being set to 0
and a parameter derived from the MCS being set to 0.

[17. The base station of claim 16, wherein the downlink
of the secondary cell corresponding to an uplink 1s indicated
by adding the SCell.]

[18. The base station of claim 16, wherein the power
headroom 1nformation for each activated cell 1s multiplexed
with a higher layer data.]

19. The base station of claim 16, wherein [the controller
1s further configured to receive a media access control
(MAC) protocol data unit (PDU) including] the power
headroom information for each activated cell Jand an indi-
cator for maximum transmit power information] with the
configuved uplink is multiplexed with higher laver data.

20. The base station of claim [19] /6, wherein if the
indicator is 0 the indicator indicates the [first type maximum
transmit power information] real physical uplink channel

transmission, and
wherein 1t the indicator 1s 1 the indicator indicates the

[second type maximum transmit power information]
physical uplink channel reference format.
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