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Description

CROSS REFERENCE(S)

[0001] The present Application for Patent claims prior-
ity to U.S. Provisional Patent Application No. 61/411,910
entitled "CARRIER GROUPING FOR POWER HEAD-
ROOM REPORT" filed November 9, 2010, assigned to
the assignee hereof.

BACKGROUND

[0002] The following relates generally to wireless com-
munications, and more specifically to power headroom
reporting in a multi component carrier communication
system. Wireless communication systems are widely de-
ployed to provide various types of communication con-
tent such as voice, data, and so on. These systems may
be multiple-access systems capable of supporting com-
munication with multiple users by sharing the available
system resources (e.g., bandwidth and transmit power).
Examples of such multiple-access systems include code
division multiple access (CDMA) systems, time division
multiple access (TDMA) systems, frequency division
multiple access (FDMA) systems, 3rd Generation Part-
nership Project (3GPP) Long Term Evolution (LTE) sys-
tems, and orthogonal frequency division multiple access
(OFDMA) systems.
[0003] Generally, a wireless multiple-access commu-
nication system can simultaneously support communi-
cation for multiple wireless terminals. Each terminal com-
municates with one or more base stations via transmis-
sions on the forward and reverse links. The forward link
(or downlink) refers to the communication link from the
base stations to the terminals, and the reverse link (or
uplink) refers to the communication link from the termi-
nals to the base stations. This communication link may
be established via a single-input single-output (SISO),
multiple-input single-output (MISO) or a multiple-input
multiple-output (MIMO) system. To reduce interference
and improve efficiency, terminals may be power control-
led by base stations subject to a maximum power limit.
[0004] Document WO 2010/065759 A2 discusses a
method for reporting power headroom. Power headroom
may be reported across all carriers (wideband), for a spe-
cific carrier, or for a carrier group. The formula used to
calculate the power headroom depends on whether the
carrier (or a carrier in the carrier group) has a valid uplink
grant. If the carrier or carrier group does not have a valid
uplink grant, the power headroom may be calculated
based on a reference grant. The power headroom is cal-
culated by a wireless transmit/receive unit and is reported
to an eNodeB.
[0005] Document 3GPP, R2-103725, "Parallel trans-
mission of two types PHR" discusses power headroom
report (PHR) on the uplink primary component carrier
(UL PCC).
[0006] Document 3GPP, R1-094118, "Uplink. Power

Control for Carrier Aggregation" discusses the UE trans-
mit power and PH reporting for multi-carrier aggregation
in LTE-Advanced. To reflect the channel differences be-
tween carriers, it is recommended that the UE calculates
the UE transmit power for each carrier with different path
loss and parameters per carrier and the UE transmits
individual PH values for each carrier.
[0007] Document 3GPP, R4-103290, "PA Headroom
Report for Rel. 10" discusses the PHR to be used with
carrier aggregation. Two types of PHR are to be used
depending on whether a UE has simultaneous PUCCH
and PUSCH transmission or just PUSCH transmission
scheduled. The PHR is to be sent for each CC and takes
MPR (and A-MPR) into account;

SUMMARY

[0008] The invention is defined in independent claims
1 and 10.
[0009] The following generally relates to systems,
methods, devices, and computer program products for
power headroom reporting in multi component carrier
wireless communication systems. Further scope of the
applicability will become apparent from the following de-
tailed description, claims, and drawings. The detailed de-
scription and specific examples are given by way of illus-
tration only, since various changes and modifications
within the which is not in accordance with all aspects of
the invention scope of the description will become ap-
parent to those skilled in the art.
[0010] In one example which is not in accordance with
all aspects of the invention, novel functionality is de-
scribed for transmitting a PHR from a mobile device. The
mobile device may identify a maximum transmit power
associated with each of a number of independently power
controlled component carriers. The identified maximum
transmit power of each component carrier may be deter-
mined based on an identified maximum transmit power
of one or more other component carriers. The identified
transmit powers may be used to determine the power
headroom available for one or more of the component
carriers for the mobile device. The mobile device may
transmit a power headroom report to a base station.
[0011] In one example which is not in accordance with
all aspects of the invention, a method of wireless com-
munication in a multicarrier system is provided. The
method includes determining a set of uplink component
carriers to be transmitted concurrently by a mobile de-
vice, calculating a maximum transmit power associated
with a first component carrier in the set, the calculation
accounting for increases in transmit power of each com-
ponent carrier in at least a first subset of the uplink com-
ponent carriers that includes the first component carrier
by proportionally increasing transmit powers for each of
the first subset of component carriers, identifying power
headroom available for the first component carrier based
on a result of calculating the maximum transmit power,
generating a first type of power headroom report (PHR)
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comprising the power headroom available for the first
component carrier, and transmitting a PHR communica-
tion including the first type of PHR. Proportionally in-
creasing transmit powers may include, for example, in-
creasing transmit powers for each of the first subset of
component carriers by substantially equal amounts as
measured in dB. Each of the first subset of uplink com-
ponent carriers, in an example, are to be transmitted con-
currently via a same power amplifier.
[0012] The method may also include calculating a sec-
ond maximum transmit power associated with a second
component carrier of a second subset of the uplink com-
ponent carriers, the calculation accounting for the power
headroom available on the second uplink component car-
rier independently of other concurrently transmitted up-
link component carriers, identifying power headroom
available for the second component carrier based on a
result of calculating the second maximum transmit pow-
er, generating a second type of power headroom report
(PHR) comprising the power headroom available for the
second component carrier, and transmitting the PHR
communication including the second type of PHR.
[0013] A signal may be transmitted to indicate which
of the first type and second type of PHR is included in
the PHR communication, and/or to indicate the PHR
communication is based on calculated maximum trans-
mit power for only the first component carrier. In some
examples which is not in accordance with all aspects of
the invention, each of the first subset of uplink component
carriers are transmitted in a first frequency band, and the
second uplink component carrier is transmitted in a sec-
ond frequency band that is different than the first frequen-
cy band, and a power amplifier that transmits each uplink
component carrier may be determined based on the fre-
quency band of the uplink component carrier. The second
subset of component carriers may include a single uplink
component carrier, and the first subset of component car-
riers may include two uplink component carriers. In an
example, the first subset of component carriers includes
the first component carrier and a third component carrier,
and the PHR communication includes available power
headroom corresponding to the third component carrier
that is based on the calculated maximum transmit power
for the first component carrier.
[0014] In one example which is not in accordance with
all aspects of the invention, each component carrier in
the first subset of component carriers is transmitted con-
currently via a first power amplifier, and at least a second
component carrier is transmitted concurrently from the
mobile device via a second power amplifier. In such a
case, the method may also include calculating a second
maximum transmit power associated with the second
component carrier, the calculation accounting for the
power headroom available on the second component
carrier independently of other uplink component carriers;
and generating a second type of PHR based on the sec-
ond calculated maximum transmit power, and wherein
transmitting the PHR communication comprises trans-

mitting the second type of PHR. The first subset of com-
ponent carriers may include the first component carrier
and a third component carrier, and the maximum transmit
power for the third component carrier may be determined
based on the calculated maximum transmit power for the
first component carrier. In one example, the method also
includes transmitting a signal to indicate the first type of
PHR is based on the calculated maximum transmit power
for only the first component carrier and that the second
type of PHR is based on the second calculated maximum
transmit power. The first type of PHR may be based on
the calculated maximum transmit power for each com-
ponent carrier of the first subset, and the second type of
PHR may be based on the second calculated maximum
transmit power.
[0015] In another example which is not in accordance
with all aspects of the invention, an apparatus for report-
ing power headroom in a multicarrier wireless communi-
cation is provided. The apparatus includes a power head-
room calculation module configured to calculate a max-
imum transmit power associated with a first component
carrier in a set of concurrently transmitted uplink compo-
nent carriers, the calculation accounting for increases in
transmit power of each component carrier in at least a
first subset of the uplink component carriers that includes
the first component carrier by proportionally increasing
transmit powers for each of the first subset of uplink com-
ponent carriers, and to identify a power headroom avail-
able for the first component carrier based on the calcu-
lated the maximum transmit power. Proportionally in-
creasing transmit powers may include, for example, in-
creasing transmit powers for each of the first subset of
component carriers by substantially equal amounts as
measured in dB. The apparatus includes a power head-
room reporting module configured to generate a first type
of power headroom report (PHR) comprising the power
headroom available for the first component carrier, and
a transmitter module configured to transmit a PHR com-
munication including the first type of PHR. The transmit-
ter module may include two or more power amplifiers,
with each of the subset of uplink component carriers to
be transmitted concurrently via a same power amplifier.
The power headroom calculation module may also be
configured to calculate a second maximum transmit pow-
er associated with a second component carrier of a sec-
ond subset of the uplink component carriers, the calcu-
lation accounting for the power headroom available on
the second uplink component carrier independently of
other concurrently transmitted uplink component carri-
ers, and to identify power headroom available for the sec-
ond component carrier based on a result of calculating
the second maximum transmit power. The power head-
room reporting module may be further configured to gen-
erate a second type of power headroom report (PHR)
comprising the power headroom available for the second
component carrier, and the transmitter may be further
configured to transmit the PHR communication including
the second type of PHR. Each of the first subset of uplink
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component carriers, in an example, are transmitted in a
first frequency band, and the second uplink component
carrier is transmitted in a second frequency band that is
different than the first frequency band. A power amplifier
that transmits each uplink component carrier may be de-
termined based on the frequency band of the uplink com-
ponent carrier.
[0016] In another example which is not in accordance
with all aspects of the invention, a computer program
product for reporting power headroom from a mobile de-
vice is provided. The computer program product may in-
clude a tangible computer-readable medium comprising
code for determining a set of uplink component carriers
to be transmitted concurrently by the mobile device, code
for calculating a maximum transmit power associated
with a first component carrier in the set, the calculation
accounting for increases in transmit power of each com-
ponent carrier in at least a first subset of the uplink com-
ponent carriers that includes the first component carrier
by proportionally increasing transmit powers for each of
the first subset of uplink component carriers, code for
identifying power headroom available for the first com-
ponent carrier based on a result of calculating the max-
imum transmit power, code for generating a first type of
power headroom report (PHR) comprising the power
headroom available for the first component carrier, and
code for transmitting a PHR communication including the
first type of PHR. Proportionally increasing transmit pow-
ers may include, for example, increasing transmit powers
for each of the first subset of component carriers by sub-
stantially equal amounts as measured in dB.
[0017] The computer-readable medium also includes,
in an example which is not in accordance with all aspects
of the invention, code for calculating a second maximum
transmit power associated with a second component car-
rier of a second subset of the uplink component carriers,
the calculation accounting for the power headroom avail-
able on the second uplink component carrier independ-
ently of other concurrently transmitted uplink component
carriers, code for identifying power headroom available
for the second component carrier based on a result of
calculating the second maximum transmit power, code
for generating a second type of power headroom report
(PHR) comprising the power headroom available for the
second component carrier; and code for transmitting the
PHR communication including the second type of PHR.
The computer-readable medium may further include
code for transmitting a signal to indicate which of the first
type and second type of PHR is included in the PHR
communication. Each of the first subset of uplink com-
ponent carriers, in an example, transmitted in a first fre-
quency band, and the second uplink component carrier
is transmitted in a second frequency band that is different
than the first frequency band. The computer-readable
medium may further include code for transmitting a signal
to indicate the PHR communication is based on calcu-
lated maximum transmit power for only the first compo-
nent carrier.

[0018] A mobile device for reporting power headroom
in a multicarrier wireless communication system is pro-
vided in another example which is not in accordance with
all aspects of the invention. The mobile device includes
means for determining a set of uplink component carriers
to be transmitted concurrently, means for calculating a
maximum transmit power associated with a first compo-
nent carrier in the set, the calculation accounting for in-
creases in transmit power of each component carrier in
at least a first subset of the uplink component carriers
that includes the first component carrier by proportionally
increasing transmit powers for each of the first subset of
uplink component carriers, means for identifying power
headroom available for the first component carrier based
on a result of calculating the maximum transmit power,
means for generating a first type of power headroom re-
port (PHR) comprising the power headroom available for
the first component carrier; and means for transmitting a
PHR communication including the first type of PHR. Pro-
portionally increasing transmit powers may include, for
example, increasing transmit powers for each of the first
subset of component carriers by substantially equal
amounts as measured in dB.
[0019] The mobile device may also include means for
calculating a second maximum transmit power associat-
ed with a second component carrier of a second subset
of the uplink component carriers, the calculation account-
ing for the power headroom available on the second up-
link component carrier independently of other concur-
rently transmitted uplink component carriers, means for
identifying power headroom available for the second
component carrier based on a result of calculating the
second maximum transmit power, means for generating
a second type of power headroom report (PHR) compris-
ing the power headroom available for the second com-
ponent carrier, and means for transmitting the PHR com-
munication including the second type of PHR. Means for
transmitting a signal to indicate which of the first type and
second type of PHR is included in the PHR communica-
tion may also be included in the system. In another ex-
ample which is not in accordance with all aspects of the
invention, the mobile device also includes means for
transmitting a signal to indicate the PHR communication
based on a calculated maximum transmit power for only
the first component carrier.
[0020] Another example provides a method of wireless
communication in a multicarrier system. The method in-
cludes identifying power headroom available at a mobile
device for each of a plurality of uplink component carriers
to be transmitted concurrently from the mobile device,
determining that a first type of power headroom report
(PHR) is to be generated when one power amplifier is to
be used for transmitting two or more of the uplink com-
ponent carriers, and that a second type of PHR is to be
generated when one power amplifier is to be used for
transmitting one of the uplink component carriers, calcu-
lating a maximum transmit power for one or more of the
uplink component carriers based on the one or more
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types of PHR, generating a PHR communication includ-
ing one or more of the first and second type of PHR based
on the determining, the one or more PHR based on the
calculated maximum transmit power, and transmitting
the PHR communication. Calculating a maximum trans-
mit power may include calculating, when it is determined
that the first type of PHR is to be generated, a maximum
transmit power associated with at least one of the two or
more uplink component carriers, the calculation account-
ing for the power headroom available at each of the two
or more uplink component carriers by proportionally in-
creasing transmit powers for each component carrier by
a substantially equal amount. Calculating a maximum
transmit power may also include calculating, when it is
determined that the second type of PHR is to be gener-
ated, a maximum transmit power associated with the one
uplink component carrier, the calculation accounting for
the power headroom available at the one uplink compo-
nent carrier independently of any increase in transmit
power of other of the uplink component carriers.
[0021] The method may also include transmitting a sig-
nal to indicate which of the first type and second type of
PHR is transmitted. Each of the two or more uplink com-
ponent carriers, in an example, is transmitted in a first
frequency band, and the one uplink component carrier
is transmitted in a second frequency band that is different
than the first frequency band. The power amplifier that
transmits each uplink component carrier may be deter-
mined based on the frequency band of the uplink com-
ponent carrier. The first type of PHR may include power
headroom information for one of the two or more uplink
component carriers based on the calculated maximum
transmit power for another of the two or more uplink com-
ponent carriers. A signal may be transmitted to indicate
the first type of PHR is based on calculated maximum
transmit power for only one of the two or more uplink
component carriers when the first maximum transmit
power is calculated.
[0022] A further example provides a computer program
product for reporting power headroom from a mobile de-
vice, the computer program product comprising a tangi-
ble computer-readable medium that includes code for
identifying power headroom available at the mobile de-
vice for each of a plurality of uplink component carriers
to be transmitted concurrently from the mobile device,
code for determining that a first type of power headroom
report (PHR) is to be generated when one power amplifier
is to be used for transmitting two or more of the uplink
component carriers, and that a second type of PHR is to
be generated when one power amplifier is to be used for
transmitting one of the uplink component carriers, code
for calculating a maximum transmit power for one or more
of the uplink component carriers based on the one or
more types of PHR, code for generating a PHR commu-
nication including one or more of the first and second
type of PHR based on the determining, the one or more
PHR based on the calculated maximum transmit power,
and code for transmitting the PHR communication. The

code for calculating a maximum transmit power may in-
clude code for calculating, when it is determined that the
first type of PHR is to be generated, a maximum transmit
power associated with at least one of the two or more
uplink component carriers, the calculation accounting for
the power headroom available at each of the two or more
uplink component carriers by proportionally increasing
transmit powers for each component carrier by a sub-
stantially equal amount. The code for calculating a max-
imum transmit power also may include code for calculat-
ing, when it is determined that the second type of PHR
is to be generated, a maximum transmit power associat-
ed with the one uplink component carrier, the calculation
accounting for the power headroom available at the one
uplink component carrier independently of any increase
in transmit power of other of the uplink component car-
riers.
[0023] In another example, a mobile device is provid-
ed. The mobile device includes means for identifying
power headroom available for each of a plurality of uplink
component carriers to be transmitted concurrently from
the mobile device, means for determining that a first type
of power headroom report (PHR) is to be generated when
one power amplifier is to be used for transmitting two or
more of the uplink component carriers, and that a second
type of PHR is to be generated when one power amplifier
is to be used for transmitting one of the uplink component
carriers, means for calculating a maximum transmit pow-
er for one or more of the uplink component carriers based
on the one or more types of PHR, means for generating
a PHR communication including one or more of the first
and second type of PHR based on the determining, the
one or more PHR based on the calculated maximum
transmit power, and means for transmitting the PHR com-
munication. The means for calculating a maximum trans-
mit power may include means for calculating, when it is
determined that the first type of PHR is to be generated,
a maximum transmit power associated with at least one
of the two or more uplink component carriers, the calcu-
lation accounting for the power headroom available at
each of the two or more uplink component carriers by
proportionally increasing transmit powers for each com-
ponent carrier by a substantially equal amount. The
means for calculating a maximum transmit power, in an-
other example, includes means for calculating, when it
is determined that the second type of PHR is to be gen-
erated, a maximum transmit power associated with the
one uplink component carrier, the calculation accounting
for the power headroom available at the one uplink com-
ponent carrier independently of any increase in transmit
power of other of the uplink component carriers.
[0024] The mobile device may also include means for
transmitting a signal to indicate which of the first type and
second type of PHR is transmitted. Each of the two or
more uplink component carriers are transmitted, in an
example, in a first frequency band, and the one uplink
component carrier is transmitted in a second frequency
band that is different than the first frequency band. The
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power amplifier that transmits each uplink component
carrier may be determined based on the frequency band
of the uplink component carrier. The system, in an ex-
ample, further includes means for transmitting a signal
to indicate the first type of PHR is based on calculated
maximum transmit power for only one of the two or more
uplink component carriers when the first maximum trans-
mit power is calculated.
[0025] In yet another example, a wireless communica-
tions apparatus is provided that includes a receiver mod-
ule configured to receive a power headroom report (PHR)
communication that comprises one or more of a first type
of PHR and a second type of PHR, the first type of PHR
comprising first power headroom information that is
based on a first maximum transmit power associated with
two or more uplink component carriers associated with
concurrent transmission using a single power amplifier,
and the second type of PHR comprising second power
headroom information that is based on a second maxi-
mum transmit power associated with a selected one plink
component carrier transmitted through a single power
amplifier. The apparatus also includes a power head-
room determination module configured to determine
which of the one or more of the first type and second type
of PHR are included in the PHR communication, and to
determine maximum transmit power for one or more to
be concurrently transmitted uplink component carriers
based on the received PHR communication and the one
or more types of PHR included in the PHR communica-
tion. The power headroom determination module may be
further configured to determine that the PHR communi-
cation includes the first type of PHR when the two or
more uplink component carriers are in the same frequen-
cy band. The power headroom determination module al-
so may be further configured to determine the maximum
transmit power for the two or more uplink component
carriers when the first maximum transmit power is calcu-
lated by proportionally increasing transmit powers for
each of the plurality of uplink component carriers. Pro-
portionally increasing transmit powers may include, for
example, increasing transmit powers for each of the plu-
rality of uplink component carriers by substantially equal
amounts as measured in dB.
[0026] In one example, the power headroom determi-
nation module is further configured to determine that the
PHR communication includes the second type of PHR
when the selected one uplink component carrier is in a
frequency band that is different than the frequency band
of other of the plurality of uplink component carriers. The
power headroom determination module may further be
configured to determine the maximum transmit power for
the selected one uplink component carrier when the sec-
ond maximum transmit power is calculated independent-
ly of any increase in transmit power of other of the uplink
component carriers. The first power headroom informa-
tion may be based on a maximum transmit power for a
first of the two or more uplink carriers, and the power
headroom determination module may be further config-

ured to determine the maximum transmit power for a sec-
ond of the two or more uplink component carriers based
on a difference between a current transmit power of the
first of the two or more uplink carriers and the first power
headroom information. The receiver module may be con-
figured to receive a plurality of concurrently transmitted
uplink component carriers.
[0027] In still a further example which is not in accord-
ance with all aspects of the invention, a method for wire-
less communications in a multi carrier wireless commu-
nications system is provided. The method of this example
includes receiving a power headroom report (PHR) com-
munication that comprises one or more of a first type of
PHR and a second type of PHR, the first type of PHR
comprising first power headroom information that is
based on a first maximum transmit power associated with
two or more uplink component carriers to be concurrently
transmitted through a single power amplifier, and the sec-
ond type of PHR comprising second power headroom
information that is based on a second maximum transmit
power associated with a selected one uplink component
carrier transmitted through a single power amplifier, de-
termining which of the one or more of the first type and
second type of PHR are included in the PHR communi-
cation, and determining maximum transmit power for one
or more to be concurrently transmitted uplink component
carriers based on the received PHR communication and
the one or more types of PHR included in the PHR com-
munication. The method may further include determining
that the PHR communication includes the first type of
PHR when the two or more uplink component carriers
are in the same frequency band, determining the maxi-
mum transmit power for the two or more uplink compo-
nent carriers by accounting for the first maximum transmit
power being calculated by proportionally increasing
transmit powers for each of the plurality of uplink com-
ponent carriers, and/or determining that the PHR com-
munication includes the second type of PHR when the
selected one uplink component carrier is in a frequency
band that is different than the frequency band of other of
the plurality of uplink component carriers. Proportionally
increasing transmit powers may include, for example, in-
creasing transmit powers for each of the plurality of uplink
component carriers by substantially equal amounts as
measured in dB. The first power headroom information
may be based on a maximum transmit power for a first
of the two or more uplink carriers, and determining the
maximum transmit power may include determining the
maximum transmit power for a second of the two or more
uplink component carriers based on a difference between
a current transmit power of the first of the two or more
uplink carriers and the first power headroom information.
[0028] In another example which is not in accordance
with all aspects of the invention, a base station in a multi
carrier wireless communications system is provided. The
base station of this example includes means for receiving
a power headroom report (PHR) communication that
comprises one or more of a first type of PHR and a second
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type of PHR, the first type of PHR comprising first power
headroom information that is based on a first maximum
transmit power associated with two or more uplink com-
ponent carriers to be concurrently transmitted through a
single power amplifier, and the second type of PHR com-
prising second power headroom information that is based
on a second maximum transmit power associated with a
selected one uplink component carrier transmitted
through a single power amplifier, means for determining
which of the one or more of the first type and second type
of PHR are included in the PHR communication and
means for determining maximum transmit power for one
or more to be concurrently transmitted uplink component
carriers based on the received PHR communication and
the one or more types of PHR included in the PHR com-
munication. The means for determining maximum trans-
mit power may include means for determining the max-
imum transmit power for the two or more uplink compo-
nent carriers when the first maximum transmit power is
calculated by proportionally increasing transmit powers
for each of the plurality of uplink component carriers. Pro-
portionally increasing transmit powers may include, for
example, increasing transmit powers for each of the plu-
rality of uplink component carriers by substantially equal
amounts as measured in dB. The means for determining
which of the one or more of the first type and second type
of PHR is included in the PHR communication may in-
clude means for determining that the PHR communica-
tion includes the second type of PHR when the selected
one uplink component carrier is in a frequency band that
is different than the frequency band of other of the plu-
rality of uplink component carriers.
[0029] A further example which is not in accordance
with all aspects of the invention provides a computer pro-
gram product for determining transmit power a multi car-
rier wireless communications system comprising a tan-
gible computer-readable medium that includes code for
receiving a power headroom report (PHR) communica-
tion that includes one or more of a first type of PHR and
a second type of PHR, the first type of PHR having first
power headroom information that is based on a first max-
imum transmit power associated with two or more uplink
component carriers to be concurrently transmitted
through a single power amplifier, and the second type of
PHR having second power headroom information that is
based on a second maximum transmit power associated
with a selected one uplink component carrier transmitted
through a single power amplifier, code for determining
which of the one or more of the first type and second type
of PHR are included in the PHR communication, and
code for determining maximum transmit power for one
or more to be concurrently transmitted uplink component
carriers based on the received PHR communication and
the one or more types of PHR included in the PHR com-
munication. The computer-readable medium may also
include code for determining that the PHR communica-
tion includes the first type of PHR when the two or more
uplink component carriers are in the same frequency

band, and determining that the PHR communication in-
cludes the second type of PHR when the selected one
uplink component carrier is in a frequency band that is
different than the frequency band of other of the plurality
of uplink component carriers, and code for determining
the maximum transmit power for the two or more uplink
component carriers by accounting for the first maximum
transmit power being calculated by proportionally in-
creasing transmit powers for each of the plurality of uplink
component carriers. Proportionally increasing transmit
powers may include, for example, increasing transmit
powers for each of the plurality of uplink component car-
riers by substantially equal amounts as measured in dB.
[0030] These and other features of various embodi-
ments, together with the organization and manner of op-
eration thereof, will become apparent from the following
detailed description when taken in conjunction with the
accompanying drawings, in which like reference numer-
als are used to refer to like parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] A further understanding of the nature and ad-
vantages of the present invention may be realized by
reference to the following drawings. In the appended fig-
ures, similar components or features may have the same
reference label. Further, various components of the same
type may be distinguished by following the reference la-
bel by a dash and a second label that distinguishes
among the similar components. If only the first reference
label is used in the specification, the description is appli-
cable to any one of the similar components having the
same first reference label irrespective of the second ref-
erence label.
[0032] Various disclosed embodiments are illustrated
by way of example, and not of limitation, by referring to
the accompanying drawings, in which:

FIG. 1 illustrates a wireless communication system;

FIG. 2 is a block diagram illustration of a transmitter
and receiver in a wireless communications system;

FIG. 3A is a block diagram of a wireless comnunica-
tion system for communicating over multiple compo-
nent carriers (CCs);

FIG. 3B is a block diagram of another wireless com-
munication system for communicating over multiple
CCs;

FIG. 4 is an illustration of multiple CCs and frequency
bands for the CCs;

FIG. 5 is a block diagram of a user equipment that
facilitates power headroom reporting for multiple
CCs;
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FIG. 6 is a block diagram of a base station that fa-
cilitates power headroom reporting for multiple CCs;

FIG. 7 is a flowchart of a method for determining and
transmitting a power headroom report for multiple
CCs;

FIG. 8 is a flowchart of another method for determin-
ing and transmitting a power headroom report for
multiple CCs;

FIG. 9 is a flowchart of another method for determin-
ing and transmitting a power headroom report for
multiple CCs;

FIG. 10 is a flowchart of a method for wireless com-
munication using a transmitted power headroom re-
port for multiple CCs; and

FIG. 11 is a flowchart of another method for wireless
communication using a transmitted power headroom
report for multiple CCs,

DETAILED DESCRIPTION OF THE INVENTION

[0033] Systems, methods, devices, and computer pro-
gram products are described for power headroom report-
ing in a multicarrier system. In some examples, a mobile
device determines available power headroom in a mul-
ticarrier configuration through a calculation of a maximum
transmit power associated with a first component carrier
(CC) in a subset of the CCs, The calculation can account
for increases in transmit power of other component car-
rier in the subset by proportionally increasing transmit
powers for each of the subset of CCs. Proportionally in-
creasing transmit powers may include, for example, in-
creasing transmit powers for each of the subset of com-
ponent carriers by substantially equal amounts as meas-
ured in dB. A power headroom may be identified for one
or more of the CCs based on a result of the calculation,
and a power headroom report (PHR) generated that in-
cludes the power headroom available for the first CC. In
some examples, a mobile device determines which of a
first type and second type (or both) of PHR is to be gen-
erated based on a configuration of one or more power
amplifiers (PAs), with a first type of PHR generated when
one PA is to be used for transmitting two or more of the
CCs, and a second type of PHR generated when one PA
is to be used for transmitting one of the CCs. The mobile
device may transmit a PHR to a base station.
[0034] The following description provides examples,
and is not limiting of the scope, applicability, or configu-
ration set forth in the claims. Changes may be made in
the function and arrangement of elements discussed
without departing from the scope of the disclosure. Var-
ious embodiments may omit, substitute, or add various
procedures or components as appropriate. For instance,
the methods described may be performed in an order

different from that described, and various steps may be
added, omitted, or combined. Also, features described
with respect to certain embodiments may be combined
in other embodiments.
[0035] Referring first to FIG. 1, a block diagram illus-
trates an example of a wireless communication system
100 within which the various disclosed examples may be
implemented. The system 100 includes a base station
105 and a user equipment 110. Of course, such a system
typically includes a number of base stations 105 and user
equipment 110, with a single base station 105 and user
equipment 110 illustrated in FIG. 1 for purposes of sim-
plifying the discussion of the system. Base station 105
may be a macrocell, femtocell, picocell, and/or similar
base station, a mobile base station, or relay node, for
example. The system 100 supports operation on multiple
component carriers (CCs), each of which include wave-
form signals of different frequencies. In FIG. 1, multiple
uplink CCs 115 carry uplink transmissions from the user
equipment 110 to the base station 105, Multiple downlink
CCs 120 carry downlink transmissions from the base sta-
tion 105 to the user equipment 110. The system 100 may-
be a multi-carrier LTE network capable of efficiently al-
locating network resources, although aspects of the dis-
closure may be applicable to any number of other types
of systems.
[0036] The base station 105 may wirelessly communi-
cate with the user equipment 110 via one or more base
station antenna(s). The base station 105 is configured to
communicate with the user equipment 110 under the con-
trol of a base station controller via the multiple uplink
and/or downlink CCs 115 and 120. The base station 105
may be a node B, or an enhanced node B (eNodeB) in
an LTE network. The base station 105 may provide com-
munication coverage for a particular geographic area,
with other base stations 105 that may provide coverage
for different geographic areas. A plurality of user equip-
ments 110 may be dispersed throughout the coverage
area. The user equipment 110 may be, for example, a
mobile station, mobile device, access terminal (AT), or
subscriber unit. Such a user equipment 110 may include
a cellular phone and wireless communications device,
but may also be a personal digital assistant (PDA), smart-
phone, other handheld device, netbook, notebook com-
puter, tablet computer, etc.
[0037] A user equipment 110 may transmit a power
headroom report (PHR) to base station 105. This report
may include information identifying a difference between
a maximum user equipment transmit power and a calcu-
lated user equipment transmit power (e.g., according to
a current uplink grant). PHRs can be transmitted period-
ically, or when the downlink pathloss changes in an
amount exceeding a threshold and may relate to a phys-
ical uplink control channel (PUCCH), a physical uplink
shared channel (PUSCH), or both channels. In response
to receiving a PHR, the base station 105 can send up or
down commands for either PUCCH or PUSCH.
[0038] The user equipment 110 may be configured to
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identify a transmit power associated with each of a
number of independently power controlled uplink CCs.
The independently power controlled uplink CCs may re-
late to transmissions on a plurality of uplink carriers con-
figured for use by the mobile device 110. Furthermore,
one or more on the uplink CCs may be transmitted from
the user equipment 110 using a single power amplifier
(PA), or two or more separate power amplifiers. A power
headroom report (PHR) may be transmitted (e.g., in a
single protocol data unit (PDU) over the reverse link 115,
and may include the calculated power headroom avail-
able for the user equipment 110, taking into account the
configuration of the PAs and the impact of PA configu-
ration on available power headroom. For example, as
will be described in further detail below, user equipment
110 may be configured to transmit on two CCs (e.g., a
first CC and a second CC) using a first PA, and to transmit
on a third CC using a second PA. The maximum transmit
power of each of the CCs transmitted using the first PA
will be impacted by the other CC(s) being concurrently
transmitted using the first PA. In one example, a maxi-
mum transmit power for a first CC is calculated, and a
maximum power for a second CC is calculated by as-
suming a proportional increase of the transmit power for
the second CC equal, or substantially equal, to the ratio
between the first CC transmit power and the calculated
maximum transmit power for the first CC. In another ex-
ample, the maximum transmit power for the third CC is
calculated independently of the transmit powers of the
first and second CCs, due to the third CC being trans-
mitted by the second PA.
[0039] In one set of examples, aspects may be used
within a long term evolution-advanced (LTE/A) system.
LTE/A may utilize orthogonal frequency division multi-
plexing (OFDM) on the downlink and single-carrier fre-
quency division multiplexing (SC-FDMA) on the uplink.
OFDM and SC-FDMA partition the system bandwidth into
multiple (K) orthogonal subcarriers, which are also com-
monly referred to as tones, bins, or the like. Each sub-
carrier may be modulated with data. In general, modula-
tion symbols are sent in the frequency domain with OFDM
and in the time domain with SC-FDMA. The spacing be-
tween adjacent subcarriers may be fixed, and the total
number of subcarriers (K) may be dependent on the sys-
tem bandwidth. For example, K may be equal to 128,
256, 512, 1024 or 2048 for a corresponding system band-
width of 1.4, 3, 5, 10 or 20 megahertz (MHz), respectively.
The system bandwidth may also be partitioned into sub-
bands. For example, a sub-band may cover 1.08 MHz,
and there may be 1, 2, 4, 8 or 16 sub-bands for a corre-
sponding system bandwidth of 1.4, 3, 5, 10 or 20 MHz,
respectively. In some examples, component carriers
transmitted within the same frequency band (referred to
as intra-band carriers) are transmitted through a single
power amplifier in the user equipment 110, and compo-
nent carriers transmitted in different frequency bands (re-
ferred to as inter-band carriers) are transmitted through
different power amplifiers in the user equipment 110.

[0040] A single PHR may carry information about mul-
tiple CCs utilized by user equipment 110. A PHR may be
a single PDU, which may contain a power headroom
which accounts for transmit power associated with, for
example, an actual PUSCH and/or PUCCH transmis-
sion. A user equipment 110 may transmit a PHR to the
base station 105 when triggered by the base station 105,
or periodically. The power headroom value in a PHR may
include a single, 6 bit PDU, with a reporting range from
-23 dB to 40 dB (and steps of 1 dB). Thus, a single PHR
may provide the base station 105 with information on
two, or more, CCs, and the base station 105 may decom-
pose the PHR into information about each of the CCs.
The base station 105 may use this information to influ-
ence future scheduling decisions. For example, the base
station 105 may know that ACK/NAK is expected in a
particular subframe (e.g., i+4). Given a power headroom
reported for subframe (i), and the knowledge that the
user equipment 110 will need to allocate more power for
ACK/NAK, the base station 105 may change its uplink
grants for subframe (i+4) based on information available
in the PHR. Thus, power headroom for certain CCs during
a first time period may be used to provide a power allo-
cation on one or more of the same, or other, CCs during
a second time period.
[0041] FIG. 2 is a block diagram of a system 200 in-
cluding a base station 105-a and a user equipment 110-
a. This system 200 may be the system 100 of FIG. 1.
The base station 105-a may be equipped with antennas
234-a through 234-x, and the user equipment 110-a may
be equipped with antennas 252-a through 252-n. At the
base station 105-a, a transmit processor 220 may receive
data from a data source and control information from a
processor 240, memory 242, and/or power headroom
determination module 244. The control information may
be a grant with power allocations for PUCCH and
PUSCH, scheduling transmission on uplink CCs for a
particular user equipment 110-a. The control information
may also be for the physical control format indicator chan-
nel (PCFICH), physical HARQ indicator channel
(PHICH), physical downlink control channel (PDCCH),
physical downlink shared channel (PDSCII), etc. In one
example, the power headroom determination module
244 may determine a type of power headroom report
(PHR) that is received from a particular user equipment
110-a. A first type of PHR may include power headroom
information that is based on a first maximum transmit
power associated with two or more uplink CCs to be con-
currently transmitted through a single power amplifier
(PA), and a second type of PHR may include power head-
room information that is based on a maximum transmit
power associated with one CC transmitted through a sin-
gle PA. The power headroom determination module 244
interprets the different types of PHRs differently, as will
be described in more detail below, to determine power
headroom available at each of the CCs for the user equip-
ment 110-a.
[0042] The transmit processor 220 may process (e.g.,
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encode and symbol map) the data and control informa-
tion to obtain data symbols and control symbols, respec-
tively. The transmit processor 220 may also generate
reference symbols, and cell-specific reference signal. A
transmit (TX) multiple-input multiple-output (MIMO) proc-
essor 230 may perform spatial processing (e.g., precod-
ing) on the data symbols, the control symbols, and/or the
reference symbols, if applicable, and may provide output
symbol streams to the transmit modulators 232-a through
232-x. Each modulator 232 may process a respective
output symbol stream (e.g., for OFDM, etc.) to obtain an
output sample stream. Each modulator 232 may further
process (e.g., convert to analog, amplify, filter, and up-
convert) the output sample stream to obtain a downlink
signal. Downlink signals from modulators 232-a through
232-x may be transmitted via the antennas 234-a through
234-x, respectively.
[0043] At the user equipment 110-a, the user equip-
ment antennas 252-a through 252-n may receive the
downlink signals from the base station 105-a and may
provide the received signals to the demodulators 254-a
through 254-n, respectively. Each demodulator 254 may
condition (e.g., filter, amplify, downconvert, and digitize)
a respective received signal to obtain input samples.
Each demodulator 254 may further process the input
samples (e.g., for OFDM, etc.) to obtain received sym-
bols. A MIMO detector 256 may obtain received symbols
from all the demodulators 254-a through 254-n, perform
MIMO detection on the received symbols if applicable,
and provide detected symbols. A receive processor 258
may process (e.g., demodulate, deinterleave, and de-
code) the detected symbols, providing decoded data for
the user equipment 110-a to a data output, and provide
decoded control information to a processor 280, memory
282, power headroom calculation module 284, or power
headroom reporting module 286 (e.g., the processing al-
location information to identify carriers and timing to be
used for PUSCH and PUCCH transmission on the up-
link).
[0044] On the uplink, at the user equipment 110-a, a
transmit processor 264 may receive and process data
(e.g., for the PUSCH) from a data source and control
information (e.g., for the PUCCH) from the processor
280, power headroom calculation module 284, and pow-
er headroom reporting module 286. The transmit proc-
essor 264 may also generate reference symbols for a
reference signal. The symbols from the transmit proces-
sor 264 may be precoded by a TX MIMO processor 266
if applicable, further processed by the demodulators 254-
a through 254-n (e.g., for SC-FDMA, etc.), and be trans-
mitted to the base station 105-a. At the base station 105-
a, the uplink signals from the user equipment 110-a may
be received by the antennas 234, processed by the de-
modulators 232, detected by a MIMO detector 236 if ap-
plicable, and further processed by a receive processor
238 to obtain decoded data and control information sent
by the user equipment 110-a. The processor 238 may
provide the decoded data to a data output and the de-

coded control information to the processor 240 and/or
power headroom determination module 244.
[0045] The power headroom calculation module 284
of user equipment 110-a may identify a transmit power
associated with each uplink CC. The identified transmit
powers, along with other configuration information of the
user equipment 110-a, may be used to calculate the pow-
er headroom available for each CC for the user equip-
ment 110-a. The user equipment 110-a may transmit the
PHR as control information to the base station 105-a.
According to various examples, a user equipment 110-
a may operate in a LTE Advanced (LTE-A) system ac-
cording to Release 10 of the 3GPP specifications, and
is allowed to set its total configured maximum output pow-
er, referred to as PCMAX, and a configured maximum out-
put power on a given serving cell, referred to as PCMAX,c,
Both of these quantities reflect certain adjustments such
as limits imposed by upper layers (PEMAX), maximum
power reduction (MPR), and additional maximum power
reduction (A-MPR) values (requirements of higher order
modulation, transmit bandwidth configuration, etc). In
one example, a user equipment 110-a may set its con-
figured maximum output power PCMAX,c on serving cell
c and its total configured maximum output power PCMAx.
The maximum power is reached when the user equip-
ment 110-a reaches allowed out-of-band emission limits
or an adjacent channel leakage ratio (ACLR) limit.
[0046] According to various examples, the user equip-
ment 110-a has a maximum power output set at 23 dBm.
In a multi-carrier environment, the user equipment 110-
a according to various examples calculates power head-
room for each component carrier that takes into account
increases in transmit power of each component carrier
of the multiple component carriers. Power headroom may
be calculated for each CC based on a difference between
a current transmit power for the CC and the maximum
power output for the user equipment 110-a. When a user
equipment 110-a is configured to concurrently transmit
multiple on CCs, it may be desirable to account for trans-
mit powers of other of the CCs when calculating power
headroom for a CC of interest. In some examples, in-
creases in transmit power of each CC may be taken into
account by proportionally increasing transmit powers for
each of the CCs. Proportionally increasing transmit pow-
ers may also include, for example, increasing transmit
powers for each of the CCs by substantially equal
amounts as measured in dB. Proportionally increasing
transmit powers may also include, for example, increas-
ing transmit powers for each of the CCs while maintaining
substantially the same ratio of transmit powers between
the CCs. In some examples, the user equipment 110-a
calculates a maximum transmit power CCs which de-
pends upon a configuration of power amplifiers (PAs)
used to transmit the different component carriers. For
example, a user equipment 110-a may be configured with
multiple CCs transmitted through a single PA, with max-
imum transmit powers calculated for each CC that take
other CCs into account by proportionally increasing
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transmit powers for other CCs (e.g., increases in sub-
stantially equal amounts in dB). In another example, a
user equipment 110-a may have one CC that is trans-
mitted through a particular PA, with a maximum transmit
power for the one CC calculated independently of any
other CCs that are transmitted through other PAs.
[0047] In one example, illustrated in FIG. 3A, a system
300 may include a user equipment 110-b, which may
communicate with an enhanced Node B (eNB) 105-b
(e.g., a base station, access point, etc.). While only one
user equipment 110-b and one eNB 105-b are illustrated
in FIG. 3A, it is to be appreciated that the system 300
can include any number of user equipment 110-b and/or
eNBs 105-b. The user equipment 110-b may be config-
ured with multiple component carriers utilized by the eN-
odeB 105-b to enable a wider overall transmission band-
width. As illustrated in FIG. 3A, the user equipment 110-
b may be configured with multiple downlink component
carriers 305 and 310, and multiple uplink component car-
riers 315 and 320. The number of component carriers
305 through 320 configured for the user equipment 110-
b at any given point in time may vary. While FIG. 3A
depicts two uplink and two downlink component carriers,
it is to be appreciated that the user equipment 110-b may
be configured with any suitable number of component
carriers and, accordingly, the subject matter disclosed
herein and claimed is not limited to the illustrated number
component carriers. User equipment 110-b and eNB
105-b may be configured to operate using time division
duplex (TDD) or frequency division duplex (FDD) com-
munications. When configured to operate using TDD, the
downlink CCs and the corresponding uplink CCs (e.g.,
downlink CC1 305 and uplink CC1 315) may share the
same communications channel frequency, while FDD
operation utilize different communications channel car-
rier frequencies.
[0048] The user equipment 110-b includes a receiver
module 325, a control module 330, and a transmitter
module 335. The receiver module 325 can receive down-
link transmissions over two or more downlink CCs 305
through 310. Downlink transmissions and information
contained therein are received and processed at the con-
trol module 330. Control module 330 may contain power
headroom calculation and power headroom reporting
modules, as described in further detail below. The trans-
mitter module 335 may transmit to eNB 105-b (and/or
other eNBs) over the two or more uplink CCs 315 through
320. In the example of FIG. 3A, transmitter module 335
includes a power amplifier (PA) 340 that may be used to
transmit multiple uplink CCs 315 through 320. In one ex-
ample, user equipment 110-b calculates a maximum
transmit power for uplink CC1 315 and uplink CC2 320
taking each CC into account by proportionally increasing
transmit powers for each of the CCs such as, for example,
by increasing transmit powers for each of the CCs by
substantially equal amounts (in dB).
[0049] For example, assume uplink CC1 315 and up-
link CC2 320 are configured with a current transmit power

for uplink CC1 315 of 20 dBm and a current transmit
power for uplink CC2 310 of 10 dBm. Further assume,
for the present example, that MPR is 0 dB and A-MPR
is also 0 dB. When determining PCMAX for uplink CC2
320, a proportionally equal amount of power increase in
uplink CC1 315 is taken into account. Because it was
assumed MPR is 0 dB and A-MPR is 0 dB the power in
uplink CC1 315 could be increased by approximately 3
dB, namely the difference between PCMAX,C and the cur-
rent transmit power for uplink CC1 315. In this example,
the maximum transmit power for uplink CC2 320 is cal-
culated to be proportionally increased by the same
amount (in dB) as the increase of uplink CC1 315, thus
resulting in a calculated maximum transmit power of 13
dBm for uplink CC2 320.
[0050] In another example, an assumption is made that
user equipment 110-b cannot increase its power on any
carrier beyond 23 dBm, and it cannot increase its com-
bined power beyond 23 dBm either. In the above exam-
ple, the maximum power on uplink CC1 315 is 23 dBm,
and the maximum power on uplink CC2 320 is 13 dBm,
resulting in a combined total of 23.4 dBm. In one example,
if the user equipment 110-b were instructed to transmit
uplink CC1 315 and uplink CC2 320 at the calculated
maximum power, the actual power that the user equip-
ment 110-b would transmit would be 22.6 dBm on uplink
CC1 315 and 12.6 dBm on uplink CC2 320, so as not to
exceed a total power of 23 dBm. In one example, the
user equipment 110-b provides maximum transmit pow-
ers for each CC that proportionally increase transmit
powers for each CC by the same amount (in dB), and
also factors in the maximum power allowed for the user
equipment 110-b, and proportionally reduces the calcu-
lated maximum powers such that a sum of the powers
does not exceed the allowed maximum power. Continu-
ing with the above example, the user equipment 110-b
in such a case would calculate a maximum transmit pow-
er for uplink CC1 315 as 22.6 dBm, and the maximum
transmit power for uplink CC2 320 as 12.6 dBm, thus
complying with the maximum total power of 23 dBm.
[0051] More than one PA may be used for uplink trans-
missions, such as the example illustrated in the system
of FIG. 3B. In this example, a system 350 may include a
user equipment 110-c, which may communicate with an
enhanced Node B (eNB) 105-c (e.g., a base station, ac-
cess point, etc.). System 350 may operate in a similar
manner as discussed with respect to system 300 of FIG.
3A, and it is to be appreciated that the system 350 may
include any number of user equipment 110-c and/or
eNBs 105-c. The user equipment 110-c of FIG. 3B may
be configured downlink CC(s) 355, and multiple uplink
CCs 360 though and 370. The number of downlink CC(s)
355 and uplink CC(s) 360 through 370, at any given point
in time depends upon resource allocations to the partic-
ular user equipment 110-c. In the example of FIG. 3B,
the transmitter module 335-a of user equipment 110-c
includes multiple PAs, including power amplifier 1 375
through power amplifier M 380. In some examples, a sin-
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gle PA, such as power amplifier 375, is used to transmit
component carriers that are within the same frequency
band (referred to as intra-band CCs), with different PAs
used to transmit CCs that are in different frequency bands
(referred at inter-band CCs).
[0052] An example of intra-band and inter-band com-
ponent carriers is illustrated in FIG. 4. In this example, a
system 400 includes two carrier frequency bands, fre-
quency band A and frequency band B. A number of com-
ponent carriers may be transmitted using the different
frequency bands, such as uplink CC1 360-a and uplink
CC2 365-a, which are intra-band CCs, both being within
frequency band A. A third component carrier, uplink CC-
N 370-a is an inter-band CC, being within frequency band
B. In the example of FIG. 3B, the uplink CCs 360 and
370 may be transmitted through power amplifier 375,
while uplink CC-N 370 is transmitted through power am-
plifier M 380. It will be understood that the illustrations of
FIGS. 3A, 3B, and 4 are exemplary and that numerous
different configurations, with different numbers of PAs
and CCs may be used based on particular equipment
and operating conditions. In one example, user equip-
ment 110-c calculates a maximum transmit power for up-
link CC1 360 and uplink CC2 365 taking each CC into
account by proportionally increasing transmit powers for
each of the CCs, similarly as discussed above, and cal-
culates a maximum transmit power for uplink CC-N 370
independently of the transmit powers of the other uplink
CCs 360 through 365.
[0053] As a further example, continuing with the power
allocations and calculations described above with re-
spect to FIG. 3A, assume uplink CC1 and CC2 360, 365
are transmitted through a single PA 375, a current trans-
mit power for uplink CC1 360 is 20 dBm, a current transmit
power for uplink CC2 365 is 10 dBm, MPR is 0 dB, and
A-MPR is also 0 dB. The calculations for the maximum
transmit powers for each uplink CC 360, 365 may be
performed as discussed above, in which proportionally
equal amounts of power increases for each CC are taken
into account. The calculations for the maximum transmit
power for uplink CC-N 370 may be determined independ-
ently of the calculated maximum transmit powers of the
uplink CCs 360 and 365. Such a configuration may be
used in situations where the uplink CCs 360, 365 are
intra-band, and CC-N in inter-band. A separate PA 380
may be used for transmitting CC-N 370, and the maxi-
mum transmit power for CC-N is calculated independ-
ently of any maximum power calculations of CCs trans-
mitted through other PAs. For example, if current transmit
power for CC-N is 18 dBm, with MPR and A-MPR being
0 dB, the maximum transmit power for CC-N is calculated
to be 23 dBm, leaving a power headroom for CC-N of 5
dBm.
[0054] In other examples, both frequency band A and
frequency band B of FIG. 4 may each have two or more
CCs, in which case the maximum transmit power for the
intra-band CCs in each frequency band are calculated
by taking into account increases in transmit power of the

other CCs in the same frequency band. Similarly, multiple
CCs may each be inter-band CCs, and each transmitted
through separate PAs, in which case the maximum trans-
mit power for each CC may be calculated independently
of the power for other of the concurrently transmitted
CCs. User equipment 110-c may transmit an indication
indicating whether a PHR is based on CCs transmitted
through a single PA (and thus account for increases in
power for other CCs transmitted through the PA). Alter-
natively, the eNB 105-c may assume that intra-band CCs
are transmitted through a single PA, and thus that the
PHR for the intra-band CCs account for increases in pow-
er for other CCs transmitted through the PA.
[0055] Referring now to FIG. 5 an example wireless
communication system 500 that transmits PHRs for mul-
tiple component carriers is depicted. System 600 in-
cludes a base station 105-d and user equipment 110-d
that can communicate with base station 105-d to receive
access to a wireless network, similarly as described
above. User equipment 110-d includes one or more an-
tenna(s) 505 communicatively coupled with receiver
module(s) 325-b and transmitter module(s) 335-b, which
are in turn communicatively coupled with a control mod-
ule 330-b. Control module 330-b includes one or more
processor module(s) 525, a memory 530 that contains
software 535 for execution by processor module 525, a
power headroom calculation module 540, and a power
headroom reporting module 545.
[0056] The processor module 525, power headroom
calculation module 540, and/or power headroom report-
ing module 545 may include one or more intelligent hard-
ware device, e.g., a central processing unit (CPU) such
as those made by Intel® Corporation or AMD®, a micro-
controller, an application specific integrated circuit
(ASIC), etc. The memory 530 may include random ac-
cess memory (RAM) and read-only memory (ROM). The
memory 530 may store computer-readable, computer-
executable software code 535 containing instructions
that are configured to, when executed (or when compiled
and executed), cause the processor module 525 to per-
form various functions described herein (e.g., maximum
transmit power calculations, power headroom calcula-
tions, PHR generation, PHR transmission, etc.). The
components of the control module 330-b may, individu-
ally or collectively, be implemented with one or more Ap-
plication Specific Integrated Circuits (ASICs) adapted to
perform some or all of the applicable functions in hard-
ware.
[0057] The transmitter module(s) 335-b may transmit
to base station 105-d (and/or other base stations) over
one or more uplink CCs, as described above. Further-
more, transmitter module(s) 335-b may contain a number
of power amplifiers. In some examples one power am-
plifier may be used to transmit multiple intra-band CCs,
while inter-band CCs are transmitted in different power
amplifiers. The receiver module(s) 325-b can receive
downlink transmissions from base station 105-d (and/or
other base stations) over two or more downlink CCs, as
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described above.
[0058] Downlink transmissions are received and proc-
essed at the user equipment 110-d. Power headroom
calculation module 540 (which may be an example of
power headroom calculation module 284 of FIG. 2) may
provide calculations of maximum transmit power for each
CC, as described above for power headroom calculation
module 284. More specifically, power headroom calcu-
lation module 540 may identify a transmit power associ-
ated with each uplink CC and other configuration infor-
mation of the user equipment 110-d, and calculate the
power headroom available for each CC for the user
equipment 110-d. As mentioned previously, according to
various examples a user equipment 110-d may operate
in a LTE Advanced (LTE-A) system according to Release
10 of the 3GPP specifications, and is allowed to set its
PCMAX, and PCMAX,c that each reflect certain adjustments
such as limits imposed by upper layers (PEMAX), MPR,
and A-MPR values (requirements of higher order modu-
lation, transmit bandwidth configuration, etc). In one ex-
ample, a user equipment 110-d may set its configured
maximum output power PCMAX,c on serving cell c as its
total configured maximum output power PCMAx. The max-
imum power is reached when the user equipment 110-d
reaches allowed out-of-band emission limits or an adja-
cent channel leakage ratio (ACLR) limit.
[0059] According to various examples, the user equip-
ment 110-d may have a maximum power output set at
23 dBm. Power headroom may be calculated for each
CC based on a difference between a current transmit
power for the CC and the maximum power output for the
user equipment 110-d. In some examples, increases in
transmit power of each CC may be taken into account
by proportionally increasing transmit powers for each of
the CCs (e.g., by increasing transmit powes by substan-
tially equal amounts in dB). In some examples, the user
equipment 110-d may be configured to transmit a set of
uplink CCs, with a first CC and one or more other CCs
forming a subset of component carriers. Increases in
maximum transmit powers are calculated for each CC
that take other CCs into account by proportionally in-
creasing transmit powers for other CCs. Proportionally
increasing transmit powers may include, for example, in-
creasing transmit powers for each of the subset of CCs
by substantially equal amounts as measured in dB. In
some examples, the power headroom calculation mod-
ule 540 calculates a maximum transmit power for each
CC that depends upon a configuration of power amplifiers
(PAs) used to transmit the different component carriers,
similarly as described above. For example, a first CC and
second CC may be configured with a current transmit
power for the first CC of 20 dBm and a current transmit
power for the second CC of 10 dBm. Further assume,
for the present example, that MPR is 0 dB and A-MPR
is also 0 dB. When determining PCMAX for the second
CC, the power headroom calculation module 540, a pro-
portionally equal amount of power increase in the first
CC is taken into account. Because it was assumed MPR

is 0 dB and A-MPR is 0 dB the power in the first CC could
be increased by approximately 3 dB, namely the differ-
ence between PCMAX,C and the current transmit power
for the first CC. In this example, the maximum transmit
power for the second CC is calculated to be proportionally
increased by the same amount (in dB) as the increase
of the first CC, thus resulting in a calculated maximum
transmit power of 13 dBm for the second CC. In another
example, the power headroom calculation module 540
calculates maximum transmit powers for each CC that
proportionally increase transmit powers for each CC by
the same amount (in dB), and also factors in the maxi-
mum power allowed for the user equipment 110-d, and
proportionally reduces the calculated maximum powers
such that a sum of the powers does not exceed the al-
lowed maximum power. Continuing with the above ex-
ample, the power headroom calculation module 540 in
such a case would calculate a maximum transmit power
for the first as 22.6 dBm, and the maximum transmit pow-
er for the second CC 12.6 dBm, thus complying with the
maximum total power of 23 dBm.
[0060] In another example, a user equipment 110-a
may have a second subset of one or more CCs with a
maximum transmit power for the one or more CCs in the
first subset calculated independently of transmit powers
of CC(s) in the second (or other) subset of CCs. In some
examples, the first subset of CCs may include two or
more intra-band CCs that are transmitted through a par-
ticular PA, and the second subset of CCs may include
one or inter-band CCs are transmitted using a different
PA. The power headroom calculation module 540 may
calculate the maximum transmit power, for CCs in the
second subset independently of any maximum power
calculations of CCs in the first subset. The power head-
room calculation module 540 may be a means for per-
forming one or more functions related to operation of the
user equipment 105-d, such as a means for calculating
a maximum transmit power and/or a means for identifying
power headroom available for one or more CCs. Further-
more, the computer-executable software code 535 may
contain instructions that are configured to, when execut-
ed (or when compiled and executed), cause the proces-
sor module 525 to perform various functions of the power
headroom calculation module 540.
[0061] Power headroom reporting module 545 may re-
ceive calculated power headroom for one or more of the
component carriers and generate a PHR that includes
the power headroom information. In some examples, the
power headroom reporting module 545 is configured to
generate a first type of power headroom report (PHR)
comprising the power headroom available for a first CC
that takes into account increases in maximum transmit
powers calculated for each CC that take other CCs into
account by proportionally increasing transmit powers for
other CCs. Proportionally increasing transmit powers
may include, for example, increasing transmit powers for
each CC by substantially equal amounts as measured in
dB. The power headroom reporting module 545 may also
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generate a second type of power transmitted CCs. In
some examples, the power headroom reporting module
545 generates the first type of PHR when two or more
CCs are transmitted in a first frequency band (intra-band
CCs), and generates the second type of PHR when two
or more CCs are transmitted in different frequency bands
(inter-band CCs). The power headroom reporting module
545 may in some examples provide a signal to indicate
the PHR includes one or more of the first and/or second
types of PHR. In other examples, a determination of a
type of PHR is based on whether configured CCs include
intra-band and/or inter-band CCs. The power headroom
reporting module 545may be a means for performing one
or more functions related to operation of the user equip-
ment 105-d, such as a means for generating a first and/or
second type of PHR comprising power headroom avail-
able for one or more CCs. Furthermore, the computer-
executable software code 535 may contain instructions
that are configured to, when executed (or when compiled
and executed), cause the processor module 525 to per-
form various functions of the power headroom reporting
module 545.
[0062] With reference now to FIG. 6, an example wire-
less communication system 600 that transmits PHRs for
multiple component carriers is depicted. System 600 in-
cludes a base station 105-e and user equipment 110-e
that may communicate with base station 105-e to receive
access to a wireless network, as described. In addition,
user equipment 110-e may receive communications over
multiple downlink CCs, and transmit communications
over multiple uplink CCs, with PHRs for the uplink CCs
to be transmitted to the base station 105-e according to
one or more of the various techniques described herein.
[0063] Base station 105-e includes one or more anten-
nas 605 communicatively coupled with transceiver mod-
ule(s) 610. Network interfaces 615 may provide an inter-
face to one or more networks associated with the wireless
communications system 600. Base station 105-e in-
cludes a control module 620 that contains one or more
processor module(s) 625 that includes a scheduler 630,
a memory 635 including software 640, a receiver module
645, and a power headroom determination module 650.
The scheduler 630 may be included in the one or more
processor module(s) 625, and may schedule the user
equipment 110-e on a subset of configured carriers under
the influence of processor module(s) 625. The memory
635 may include random access memory (RAM) and
read-only memory (ROM). The memory 635 may store
computer-readable, computer-executable software code
640 containing instructions that are configured to, when
executed (or when compiled and executed), cause the
processor module 625 to perform various functions de-
scribed herein (e.g., receiving PHR communication, de-
termining which of one or more types of PHR are included
in the PHR communication, determining maximum CC
transmit power, etc.). The components of the control
module 620 may, individually or collectively, be imple-
mented with one or more Application Specific Integrated

Circuits (ASICs) adapted to perform some or all of the
applicable functions in hardware. Each of the noted mod-
ules may be a means for performing one or more func-
tions related to operation of the base station 105-d.
[0064] Receiver module 645 may a receive a power
headroom report (PHR) communication that comprises
one or more of a first type of PHR and a second type of
PHR, as described above. For example, receiver module
645 may receive a first type of PHR in which power head-
room for two or more CCs is based on a proportional
increase in transmit power for two or more uplink com-
ponent carriers to be concurrently transmitted through a
single power amplifier. As described above, maximum
transmit power for each CC may be calculated by taking
into account an increase in transmit power across each
CC that is substantially equal. The receiver module 645
may also receive a second type of PHR in which power
headroom for one CC transmitted through a single power
amplifier independently of other CCs that may be trans-
mitted using other power amplifiers. Power headroom
determination module 650 may determine which of the
first type and/or second type of PHR are included in the
PHR communication. The receiver module 645may be a
means for performing one or more functions related to
operation of the base station 105-d, such as means for
receiving a power headroom report (PHR) communica-
tion that comprises one or more of a first type of PHR
and a second type of PHR, and/or means for determining
which of the one or more of the first type and second type
of PHR are included in the PHR communication, etc. Fur-
thermore, the computer-executable software code 640
may contain instructions that are configured to, when ex-
ecuted (or when compiled and executed), cause the proc-
essor module 625 to perform various functions of the
receiver module 645. In one example, the receiver mod-
ule 645 also receives a signal that indicates which type(s)
of PHR is(are) present, which is provided to the power
headroom determination module 650. In another exam-
ple, the power headroom determination module 650 de-
termines which type of PHR is present by determining if
the received CCs are intra-band or inter-band CCs. If two
or more CCs are transmitted in the same frequency band
(intra-band CCs), the power headroom determination
module 650 determines that a PHR of the first type is
present, and if any one CC is transmitted on a different
frequency band from other CCs, the power headroom
determination module 650 determines that a PHR of the
second type is present. Power headroom determination
module 650 may also determine maximum transmit pow-
er for one or more uplink component carriers that are to
be transmitted, based on the received PHR communica-
tion and the one or more types of PHR included in the
PHR communication. The power headroom determina-
tion module 650 may be a means for performing one or
more functions related to operation of the base station
105-e, such as means for determining maximum transmit
power for one or more to be concurrently transmitted up-
link CCs. Furthermore, the computer-executable soft-
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ware code 640 may contain instructions that are config-
ured to, when executed (or when compiled and execut-
ed), cause the processor module 625 to perform various
functions of the power headroom determination module
650.
[0065] FIG. 7 illustrates a method 700 which is not in
accordance with all aspects of the invention that may be
carried out by a user equipment to determine and transmit
a PHR communication including power headroom avail-
able on a plurality of downlink component carriers. The
method 700 may, for example, be performed by a user
equipment of FIG. 1, 2, 3A, 3B, or 5, or using any com-
bination of the devices described for these figures. Ini-
tially, at block 705, it is determined that a set of uplink
component carriers are to be transmitted concurrently by
a mobile device. A maximum transmit power associated
with a first CC of a subset of the CCs is calculated at
block 710, the calculation accounting for increases in
transmit power of each component carrier in the subset
of the CCs. This can include proportionally increasing
transmit powers for each of the first subset of CCs. Pro-
portionally increasing transmit powers may include, for
example, increasing transmit powers for each of the first
subset of component carriers by substantially equal
amounts as measured in dB. In one example, as de-
scribed above, CC1 and CC2 may be transmitted con-
currently, with a current transmit power for CC1 of 20
dBm, and a current transmit power for CC2 of 10 dBm.
Further, MPR and A-MPR may be 0 dB. When determin-
ing a maximum transmit power for CC2, a proportionally
equal amount of power increase in CC1 is taken into ac-
count. Because MPR is 0 dB and A-MPR is 0 dB the
power in CC1 is calculated to be increased by approxi-
mately 3 dB, namely the difference between a maximum
transmit power and the current transmit power for CC1.
In this example, the maximum transmit power for CC2 is
calculated to be proportionally increased by the same
amount (in dB) as the increase of CC1, thus resulting in
a calculated maximum transmit power of 13 dBm for CC2.
At block 715, power headroom available for the first CC
is identified based on a result of calculating the maximum
transmit power. For example, a power headroom may be
calculated by subtracting the current transmit power from
the calculated maximum transmit power for the CC. A
first type of PHR is generated at block 720, the PHR
comprising the power headroom available for the first
component carrier. Finally, at block 725, a PHR commu-
nication is transmitted that includes the first type of PHR.
[0066] Referring now to FIG. 8, another method 800
which is not in accordance with all aspects of the inven-
tion that may be carried out by a user to determine and
transmit a PHR communication including power head-
room available on a plurality of downlink component car-
riers. The method 800 may, for example, be performed
by a user equipment of FIG. 1, 2, 3A, 3B, or 5, or using
any combination of the devices described for these fig-
ures. Blocks 805 through 820 include the same steps as
described with respect to blocks 702 through 720 of FIG.

7. The method 800 of FIG. 8 further includes calculating
a second maximum transmit power associated with a
second CC of a second subset of the uplink component
carriers, the calculation accounting for the power head-
room available on the second CC independently of other
concurrently transmitted CCs, as noted at block 825.
Power headroom available for the second CC is identified
based on a result of calculating the second maximum
transmit power, according to block 830. At lock 835, a
second type of PHR is generated, the second type of
PHR comprising the power headroom available for the
second CC. Finally, at block 840, a PHR communication
is transmitted that includes the first and the second type
of PHR.
[0067] Referring now to FIG. 9, a method 900 is pro-
vided that may be carried out by a user equipment to
transmit PHR communications for multiple uplink CCs.
The method 900 may, for example, be performed by a
user equipment of FIG. 1, 2, 3A, 3B, or 5, or using any
combination of the devices described for these figures.
Initially, at block 905, power headroom available at a mo-
bile device for each CC to be transmitted concurrently is
identified. As noted earlier, such power headroom may
be identified according to a maximum transmit power for
a user equipment and a current transmit power for each
respective CC. It is determined that a first type of PHR
is to be generated when one power amplifier (PA) is to
be used for transmitting two or more of the CCs, and that
a second type of PHR is to be generated when one PA
is to be used for transmitting one of the CCs, as indicated
at block 910. A maximum transmit power for one or more
of the uplink CCs carriers is calculated based on the one
or more types of PHR, as noted at block 915. As de-
scribed above, maximum transmit power may be calcu-
lated, for example, based on the number of CCs concur-
rently transmitted through a single PA, and taking into
account proportional increases in transmit power of CCs
transmitted through the PA. At block 920 e a PHR com-
munication is generated, the PHR communication includ-
ing one or more of the first and second type of PHR based
on the determining, the one or more PHR based on the
calculated maximum transmit power. Finally, at block
925, the PHR communication is transmitted.
[0068] FIG. 10, illustrates a method 1000 which is not
in accordance with all aspects of the invention that may
be carried out by a base station to determine power head-
room available at two or more concurrently transmitted
CCs from a user equipment. The method 1000 may, for
example, be performed by a base station of FIG. 1, 2,
3A, 3B, or 6, or using any combination of the devices
described for these figures. Initially, at block 1005, a PHR
communication is received that comprises one or more
of a first type of PHR and a second type of PHR, the first
type of PHR comprising first power headroom information
that is based on a first maximum transmit power associ-
ated with two or more uplink CCs to be concurrently trans-
mitted through a single PA, and the second type of PHR
comprising second power headroom information that is
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based on a second maximum transmit power associated
with one CC transmitted through a single PA. At block
1010, it is determined which of the first and second
type(s) of PHR are included in the PHR communication.
As discussed above, the determination may be made
based o a communication from the user equipment, or
may be made based on frequency bands of the associ-
ated CCs. A maximum transmit power is determined for
one or more concurrently transmitted uplink CCs based
on the received PHR communication and the type(s) of
PHR included in the PHR communication, as indicated
at block 1015.
[0069] FIG. 11, illustrates another method 1100 which
is not in accordance with all aspects of the invention that
may be carried out by a base station to determine power
headroom available at two or more concurrently trans-
mitted CCs from a user equipment. The method 1100
may, for example, be performed by a base station of FIG.
1, 2, 3A, 3B, or 6, or using any combination of the devices
described for these figures. Initially, at block 1105, a PHR
communication is received that comprises one or more
of a first type of PHR and a second type of PHR, the first
type of PHR comprising first power headroom information
that is based on a first maximum transmit power associ-
ated with two or more uplink CCs to be concurrently trans-
mitted through a single PA, and the second type of PHR
comprising second power headroom information that is
based on a second maximum transmit power associated
with one CC transmitted through a single PA. At block
1110, it is determined that the PHR communication in-
cludes the first type of PHR when the uplink CCs are in
the same frequency band. As discussed above, when
two or more CCs are transmitted in the same frequency
band, a single power amplifier may be used to concur-
rently transmit the CCs. A maximum transmit power is
determined for the uplink CCs by accounting for the first
maximum transmit power being calculated by proportion-
ally increasing transmit powers for each of the uplink
CCs, as indicated at block 1115. Proportionally increas-
ing transmit powers may include, for example, increasing
transmit powers for each of the uplink CCs by substan-
tially equal amounts as measured in dB.
[0070] Techniques described herein may be used for
various wireless communications systems such as CD-
MA, TDMA, FDMA, OFDMA, SC-FDMA, and other sys-
tems. The terms "system" and "network," are often used
interchangeably. A CDMA system may implement a radio
technology such as CDMA2000, Universal Terrestrial
Radio Access (UTRA etc. CDMA2000 covers IS-2000,
IS-95, and IS-856 standards. IS-2000 Releases 0 and A
are commonly referred to as CDMA2000 1X, 1X, etc. IS-
856 (TIA-856) is commonly referred to as CDMA2000
1xEV-DO, High Rate Packet Data (HRPD), etc. UTRA
includes Wideband CDMA (WCDMA) and other variants
of CDMA. A TDMA system may implement a radio tech-
nology such as Global System for Mobile Communica-
tions (GSM). An OFDMA system may implement a radio
technology such as Ultra Mobile Broadband (UMB),

Evolved UTRA (E-UTRA), IEEE 802.11 (Wi-Fi), IEEE
802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, etc.
UTRA and E-UTRA are part of Universal Mobile Tele-
communication System (UMTS). 3GPP Long Term Ev-
olution (LTE) and LTE-Advanced (LTE-A) are new re-
leases of UMTS that use E-UTRA. UTRA, E-UTRA,
UMTS, LTE, LTE-A, and GSM are described in docu-
ments from an organization named "3rd Generation Part-
nership Project" (3GPP). CDMA2000 and UMB are de-
scribed in documents from an organization named "3rd
Generation Partnership Project 2" (3GPP2). The tech-
niques described herein may be used for the systems
and radio technologies mentioned above as well as other
systems and radio technologies. The description below,
however, describes an LTE system for purposes of ex-
ample, and LTE terminology is used in much of the de-
scription below, although the techniques are applicable
beyond LTE applications.
[0071] The detailed description set forth above in con-
nection with the appended drawings describes exempla-
ry embodiments and does not represent the only embod-
iments that may be implemented or that are within the
scope of the claims. The term "exemplary" used through-
out this description means "serving as an example, in-
stance, or illustration," and not "preferred" or "advanta-
geous over other embodiments." The detailed descrip-
tion includes specific details for the purpose of providing
an understanding of the described techniques. These
techniques, however, may be practiced without these
specific details. In some instances, well-known struc-
tures and devices are shown in block diagram form in
order to avoid obscuring the concepts of the described
embodiments.
[0072] Information and signals may be represented us-
ing any of a variety of different technologies and tech-
niques. For example, data, instructions, commands, in-
formation, signals, bits, symbols, and chips that may be
referenced throughout the above description may be rep-
resented by voltages, currents, electromagnetic waves,
magnetic fields or particles, optical fields or particles, or
any combination thereof.
[0073] The various illustrative blocks and modules de-
scribed in connection with the disclosure herein may be
implemented or performed with a general-purpose proc-
essor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable
gate array (FPGA) or other programmable logic device,
discrete gate or transistor logic, discrete hardware com-
ponents, or any combination thereof designed to perform
the functions described herein. A general-purpose proc-
essor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, con-
troller, microcontroller, or state machine. A processor
may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microproc-
essor, multiple microprocessors, one or more microproc-
essors in conjunction with a DSP core, or any other such
configuration.
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[0074] The functions described herein may be imple-
mented in hardware, software executed by a processor,
firmware, or any combination thereof. If implemented in
software executed by a processor, the functions may be
stored on or transmitted over as one or more instructions
or code on a computer-readable medium. Other exam-
ples and implementations are within the scope and spirit
of the disclosure and appended claims. For example, due
to the nature of software, functions described above can
be implemented using software executed by a processor,
hardware, firmware, hardwiring, or combinations of any
of these. Features implementing functions may also be
physically located at various positions, including being
distributed such that portions of functions are implement-
ed at different physical locations, Also, as used herein,
including in the claims, "or" as used in a list of items pref-
aced by "at least one of" indicates a disjunctive list such
that, for example, a list of "at least one of A, B, or C"
means A or B or C or AB or AC or BC or ABC (i.e., A and
B and C).
[0075] Computer-readable media includes both com-
puter storage media and communication media including
any medium that facilitates transfer of a computer pro-
gram from one place to another. A storage medium may
be any available medium that can be accessed by a gen-
eral purpose or special purpose computer. By way of
example, and not limitation, computer-readable media
can comprise RAM, ROM, EEPROM, CD-ROM or other
optical disk storage, magnetic disk storage or other mag-
netic storage devices, or any other medium that can be
used to carry or store desired program code means in
the form of instructions or data structures and that can
be accessed by a general-purpose or special-purpose
computer, or a general-purpose or special-purpose proc-
essor. Also, any connection is properly termed a compu-
ter-readable medium. For example, if the software is
transmitted from a website, server, or other remote
source using a coaxial cable, fiber optic cable, twisted
pair, or digital subscriber line (DSL), then the coaxial ca-
ble, fiber optic cable, twisted pair, or DSL are included in
the definition of medium. Disk and disc, as used herein,
include compact disc (CD), laser disc, optical disc, digital
versatile disc (DVD), floppy disk and bluray disc where
disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the
above are also included within the scope of computer-
readable media.
[0076] The previous description of the disclosure is
provided to enable a person skilled in the art to make or
use the disclosure. Various modifications to the disclo-
sure will be readily apparent to those skilled in the art,
and the generic principles defined herein may be applied
to other variation without departing from the scope of the
disclosure. Throughout this disclosure the term "exam-
ple" or "exemplary" indicates an example or instance and
does not imply or require any reference for the noted
example. Thus, the disclosure is not to be limited to the
examples and designs described herein but is to be ac-

corded the widest scope consistent with the principles
and novel features disclosed herein.

Claims

1. A method of wireless communication in a multicarrier
system, comprising:

identifying (905) power headroom available at a
mobile device for each of a plurality of uplink
component carriers to be transmitted concur-
rently from the mobile device;
determining (910) that a first type of power head-
room report (PHR) is to be generated when one
power amplifier is to be used for transmitting two
or more of the uplink component carriers, and
that a second type of PHR is to be generated
when one power amplifier is to be used for trans-
mitting one of the uplink component carriers;
calculating (915) a maximum transmit power for
one or more of the uplink component carriers
based on the one or more types of PHR;
generating (920) a PHR communication includ-
ing one or more of the first and second type of
PHR based on the determining, the one or more
PHR based on the calculated maximum transmit
power; and
transmitting (925) the PHR communication.

2. The method of claim 1, wherein calculating a maxi-
mum transmit power comprises:

calculating, when it is determined that the first
type of PHR is to be generated, a maximum
transmit power associated with at least one of
the two or more uplink component carriers, the
calculation accounting for the power headroom
available at each of the two or more uplink com-
ponent carriers by proportionally increasing
transmit powers for each component carrier by
a substantially equal amount.

3. The method of claim 1, wherein calculating a maxi-
mum transmit power comprises:

calculating, when it is determined that the sec-
ond type of PHR is to be generated, a maximum
transmit power associated with the one uplink
component carrier, the calculation accounting
for the power headroom
available at the one uplink component carrier
independently of any increase in transmit power
of other of the uplink component carriers.

4. The method of claim 1, further comprising:

transmitting a signal to indicate which of the first
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type and second type of PHR is transmitted.

5. The method of claim 1, wherein each of the two or
more uplink component carriers are transmitted in a
first frequency band, and the one uplink component
carrier is transmitted in a second frequency band
that is different than the first frequency band.

6. The method of claim 5, wherein the power amplifier
that transmits each uplink component carrier is de-
termined based on the frequency band of the uplink
component carrier.

7. The method of claim 5, wherein the first type of PHR
includes power headroom information for one of the
two or more uplink component carriers based on the
calculated maximum transmit power for another of
the two or more uplink component carriers.

8. The method of claim 1, further comprising:

transmitting a signal to indicate the first type of
PHR is based on calculated maximum transmit
power for only one of the two or more uplink
component carriers when the first maximum
transmit power is calculated.

9. A computer program comprising executable instruc-
tions for causing at least one computer to perform a
method according to one of the claims 1 to 8 when
executed.

10. A multicarrier wireless communication system, com-
prising:

means for identifying (905) power headroom
available at a mobile device for each of a plurality
of uplink component carriers to be transmitted
concurrently from the mobile device;
means for determining (910) that a first type of
power headroom report (PHR) is to be generat-
ed when one power amplifier is to be used for
transmitting two or more of the uplink component
carriers, and that a second type of PHR is to be
generated when one power amplifier is to be
used for transmitting one of the uplink compo-
nent carriers;
means for calculating (915) a maximum transmit
power for one or more of the uplink component
carriers based on the one or more types of PHR;
means for generating (920) a PHR communica-
tion including one or more of the first and second
type of PHR based on the determining, the one
or more PHR based on the calculated maximum
transmit power;
and
means for transmitting (925) the PHR commu-
nication.

11. The system of claim 10, wherein the means for cal-
culating a maximum transmit power comprises:

means for calculating, when it is determined that
the first type of PHR is to be generated, a max-
imum transmit power associated with at least
one of the two or more uplink component carri-
ers, the calculation accounting for the power
headroom available at each of the two or more
uplink component carriers by proportionally in-
creasing transmit powers for each component
carrier by a substantially equal amount.

12. The system of claim 10, wherein the means for cal-
culating a maximum transmit power comprises:

means for calculating, when it is determined that
the second type of PHR is to be generated, a
maximum transmit power associated with the
one uplink component carrier, the calculation
accounting for the power headroom available at
the one uplink component carrier independently
of any increase in transmit power of other of the
uplink component carriers.

13. The system of claim 10, further comprising:

means for transmitting a signal to indicate which
of the first type and
second type of PHR is transmitted.

14. The system of claim 10, wherein each of the two or
more uplink component carriers are transmitted in a
first frequency band, and the one uplink component
carrier is transmitted in a second frequency band
that is different than the first frequency band.

15. The system of claim 10, wherein the power amplifier
that transmits each uplink component carrier is de-
termined based on the frequency band of the uplink
component carrier.

16. The system of claim 10, further comprising:

means for transmitting a signal to indicate the
first type of PHR is based on calculated maxi-
mum transmit power for only one of the two or
more uplink component carriers when the first
maximum transmit power is calculated.

Patentansprüche

1. Verfahren zur drahtlosen Kommunikation in einem
Mehrträgersystem umfassend:

Identifizieren (905) von Leistungsreserve, wel-
che an einem Mobilgerät für jeden einer Vielzahl
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von Aufwärtsstrecke-Komponententrägern,
welche von dem Mobilgerät gleichzeitig zu über-
mitteln sind, verfügbar ist;
Bestimmen (910), dass ein erster Typ von Leis-
tungsreserven-Bericht, PHR, zu erzeugen ist,
wenn ein Leistungsverstärker zum Übermitteln
von zwei oder mehreren der Aufwärtsstrecke-
Komponententräger zu benutzen ist, und dass
ein zweiter Typ von PHR zu erzeugen ist, wenn
ein Leistungsverstärker zum Übermitteln von ei-
nem der Aufwärtsstrecke-Komponententräger
zu benutzen ist;
Berechnen (915) einer Maximal-Sendeleistung
für einen oder mehrere der Aufwärtsstrecke-
Komponententräger basierend auf dem einen
oder mehreren Typen von PHR;
Erzeugen (920) einer PHR-Kommunikation,
welche einen oder mehrere des ersten und zwei-
ten Typs von PHR beinhaltet, basierend auf dem
Bestimmen, wobei der eine oder mehrere PHR
auf der berechneten Maximal-Sendeleistung
basiert sind; und
Übermitteln (925) der PHR-Kommunikation.

2. Verfahren gemäß Anspruch 1, wobei das Berechnen
einer Maximal-Sendeleistung umfasst:

Berechnen, wenn es bestimmt ist, dass der erste
Typ von PHR zu erzeugen ist, einer Maximal-
Sendeleistung, welche zumindest einem der
zwei oder mehreren Aufwärtsstrecke-Kompo-
nententrägern zugeordnet ist, wobei die Berech-
nung der Leistungsreserve, welche an jedem
der zwei oder mehreren Aufwärtsstrecke-Kom-
ponententräger verfügbar ist,
durch proportionale Anhebung von Sendeleis-
tungen für jeden Komponententräger um einen
im Wesentlichen gleichen Betrag Rechnung
trägt.

3. Verfahren gemäß Anspruch 1, wobei das Berechnen
einer Maximal-Sendeleistung umfasst:

Berechnen, wenn es bestimmt ist, dass der
zweite Typ von PHR zu erzeugen ist, einer Ma-
ximal-Sendeleistung, welche dem einen Auf-
wärtsstrecken-Komponententräger zugeordnet
ist, wobei die Berechnung der Leistungsreserve,
welche an dem einen Aufwärtsstrecke-Kompo-
nententräger verfügbar ist, unabhängig von je-
der Anhebung von Sendeleistung von anderem
der Aufwärtsstrecke-Komponententräger
Rechnung trägt.

4. Verfahren gemäß Anspruch 1, weiterhin umfassend:

Übermitteln eines Signals zum Anzeigen, wel-
cher aus dem ersten Typ von PHR und dem

zweiten Typ von PHR übermittelt wird.

5. Verfahren gemäß Anspruch 1, wobei jeder der zwei
oder mehreren Aufwärtsstrecke-Komponententrä-
ger in einem ersten Frequenzband übermittelt wird
und der eine Aufwärtsstrecke-Komponententräger
in einem zweiten Frequenzband, welches verschie-
den von dem ersten Frequenzband ist, übermittelt
wird.

6. Verfahren gemäß Anspruch 5, wobei der Leistungs-
verstärker, welcher jeden Aufwärtsstrecke-Kompo-
nententräger übermittelt, basierend auf dem Fre-
quenzband des Aufwärtsstrecke-Komponententrä-
gers bestimmt wird.

7. Verfahren gemäß Anspruch 5, wobei der erste Typ
von PHR Leistungsreserven-Information für einen
der zwei oder mehreren Aufwärtsstrecke-Kompo-
nententräger basierend auf der berechneten Maxi-
mal-Sendeleistung für einen anderen der zwei oder
mehreren Aufwärtsstrecke-Komponententräger be-
inhaltet.

8. Verfahren gemäß Anspruch 1, weiterhin umfassend:

Übermitteln eines Signals zum Anzeigen, dass
der erste Typ von PHR auf berechneter Maxi-
mal-Sendeleistung für nur einen der zwei oder
mehreren Aufwärtsstrecke-Komponententrä-
ger basiert ist, wenn die erste Maximal-Sende-
leistung berechnet wird.

9. Computerprogram aufweisend ausführbare Anwei-
sungen zum Veranlassen zumindest eines Compu-
ters um ein Verfahren nach einem der Ansprüche 1
bis 8 durchzuführen wenn das Computerprogramm
ausgeführt wird.

10. Drahtloses Mehrträger-Kommunikationssystem
aufweisend:

Mittel zum Identifizieren (905) von Leistungsre-
serve, welche an einem Mobilgerät für jeden ei-
ner Vielzahl von Aufwärtsstrecke-Komponen-
tenträgern, welche von dem Mobilgerät gleich-
zeitig zu übermitteln sind, verfügbar ist;
Mittel zum Bestimmen (910), dass ein erster Typ
von Leistungsreserven-Bericht (PHR) zu erzeu-
gen ist, wenn ein Leistungsverstärker zum Über-
mitteln von zwei oder mehreren der Aufwärts-
strecke-Komponententräger zu benutzen ist,
und dass ein zweiter Typ von PHR zu erzeugen
ist, wenn ein Leistungsverstärker zum Übermit-
teln von einem der Aufwärtsstrecke-Komponen-
tenträger zu benutzen ist;
Mittel zum Berechnen (915) einer Maximal-Sen-
deleistung für einen oder mehrere der Aufwärts-
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strecke-Komponententräger basierend auf dem
einen oder mehreren Typen von PHR;
Mittel zum Erzeugen (920) einer PHR-Kommu-
nikation, welche einen oder mehrere des ersten
und zweiten Typs von PHR beinhaltet,
basierend auf dem Bestimmen, wobei der eine
oder mehrere PHR auf der berechneten Maxi-
mal-Sendeleistung basiert sind; und
Mittel zum Übermitteln (925) der PHR-Kommu-
nikation.

11. System gemäß Anspruch 10, wobei das Mittel zum
Berechnen einer Maximal-Sendeleistung aufweist:

Mittel zum Berechnen, wenn es bestimmt ist,
dass der erste Typ von PHR zu erzeugen ist,
einer Maximal-Sendeleistung, welche zumin-
dest einem der zwei oder mehreren Aufwärts-
strecke-Komponententrägern zugeordnet ist,
wobei die Berechnung der Leistungsreserve,
welche an jedem der zwei oder mehreren Auf-
wärtsstrecke-Komponententräger verfügbar ist,
durch proportionale Anhebung von Sendeleis-
tungen für jeden Komponententräger um einen
im Wesentlichen gleichen Betrag Rechnung
trägt.

12. System gemäß Anspruch 10, wobei das Mittel zum
Berechnen einer Maximal-Sendeleistung aufweist:

Mittel zum Berechnen, wenn es bestimmt ist,
dass der zweite Typ von PHR zu erzeugen ist,
einer Maximal-Sendeleistung, welche dem ei-
nen Aufwärtsstrecken-Komponententräger zu-
geordnet ist, wobei die Berechnung der Leis-
tungsreserve, welche an dem einen Aufwärts-
strecke-Komponententräger verfügbar ist, un-
abhängig von jeder Anhebung von Sendeleis-
tung von anderem der Aufwärtsstrecke-Kompo-
nententräger Rechnung trägt.

13. System gemäß Anspruch 10, weiterhin aufweisend:

Mittel zum Übermitteln eines Signals zum An-
zeigen, welcher aus dem ersten Typ von PHR
und dem zweiten Typ von PHR übermittelt wird.

14. System gemäß Anspruch 10, wobei jeder der zwei
oder mehreren Aufwärtsstrecke-Komponententrä-
ger in einem ersten Frequenzband übermittelt wird
und der eine Aufwärtsstrecke-Komponententräger
in einem zweiten Frequenzband, welches verschie-
den von dem ersten Frequenzband ist, übermittelt
wird.

15. System gemäß Anspruch 10, wobei der Leistungs-
verstärker, welcher jeden Aufwärtsstrecke-Kompo-
nententräger übermittelt, basierend auf dem Fre-

quenzband des Aufwärtsstrecke-Komponententrä-
gers bestimmt wird.

16. System gemäß Anspruch 10, weiterhin aufweisend:

Mittel zum Übermitteln eines Signals zum An-
zeigen, dass der erste Typ von PHR auf berech-
neter Maximal-Sendeleistung für nur einen der
zwei oder mehreren Aufwärtsstrecke-Kompo-
nententräger basiert ist, wenn die erste Maxi-
mal-Sendeleistung berechnet wird.

Revendications

1. Un procédé de communication sans fil dans un sys-
tème à porteuses multiples, comprenant :

l’identification (905) de la marge de puissance
disponible par un dispositif mobile pour chacune
d’une pluralité de porteuses composantes de
liaison montante à émettre concurremment à
partir du dispositif mobile ;
la détermination (910) qu’un premier type de
rapport de marge de puissance (PHR) doit être
généré lorsqu’un amplificateur de puissance
doit être utilisé pour émettre deux ou plus des
porteuses composantes de liaison montante, et
qu’un second type de PHR doit être généré lors-
qu’un amplificateur de puissance doit être utilisé
pour émettre l’une des porteuses composantes
de liaison montante ;
le calcul (905) d’une puissance d’émission maxi-
male pour une ou plusieurs des porteuses com-
posantes de liaison montante sur la base des
un ou plusieurs types de PHR ;
la génération (920) d’une communication PHR
incluant une ou plusieurs du premier et du se-
cond type de PHR en fonction de la détermina-
tion, les un ou plusieurs PHR état fonction de la
puissance d’émission maximale calculée ; et
l’émission (925) de la communication PHR.

2. Le procédé de la revendication 1, dans lequel le cal-
cul d’une puissance d’émission maximale
comprend :

le calcul, lorsqu’il est déterminé que le premier
type de PHR doit être généré, d’une puissance
d’émission maximale associée à au moins l’une
des deux ou plus porteuses composantes de
liaison montante, le calcul prenant en compte la
marge de puissance disponible pour chacune
des deux ou plus porteuses composantes de
liaison montante par augmentation proportion-
nelle des puissances d’émission pour chaque
porteuse composante d’une quantité substan-
tiellement identique.
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3. Le procédé de la revendication 1, dans lequel le cal-
cul d’une puissance d’émission maximale
comprend :

le calcul, lorsque l’on détermine que le second
type de PHR doit être généré, d’une puissance
d’émission maximale associée avec la porteuse
composante de liaison montante en question, le
calcul prenant en compte la marge de puissance
disponible pour la porteuse composante de
liaison montante en question indépendamment
de toute augmentation de la puissance d’émis-
sion des autres porteuses composantes de
liaison montante.

4. Le procédé de la revendication 1, comprenant en
outre :

l’émission d’un signal pour indiquer lequel d’en-
tre le premier type et le second type de PHR est
émis.

5. Le procédé de la revendication 1, dans lequel cha-
cune des deux ou plus porteuses composantes de
liaison montante est émise dans une première bande
de fréquences, et la porteuse composante de liaison
montante est émise dans une seconde bande de
fréquences qui est différente de la première bande
de fréquences.

6. Le procédé de la revendication 5, dans lequel l’am-
plificateur de puissance qui émet chaque porteuse
composante de liaison montante est déterminé en
fonction de la bande de fréquences de la porteuse
composante de liaison montante.

7. Le procédé de la revendication 5, dans lequel le pre-
mier type de PHR comprend une information de mar-
ge de puissance pour l’une des deux ou plus porteu-
ses composantes de liaison montante qui est fonc-
tion de la puissance d’émission maximale calculée
pour une autre des deux ou plus porteuses compo-
santes de liaison montante.

8. Le procédé de la revendication 1, comprenant en
outre :

l’émission d’un signal pour indiquer que le pre-
mier type de PHR est basé sur la puissance
d’émission maximale calculée pour l’une seule-
ment des deux ou plus porteuses composantes
de liaison montante lorsque la première puis-
sance d’émission maximale est calculée.

9. Un programme informatique comprenant des ins-
tructions exécutables pour faire en sorte qu’au moins
un calculateur mette en oeuvre un procédé selon
l’une des revendications 1 à 8 lorsqu’elles sont exé-

cutées.

10. Un système de communication sans fil à porteuses
multiples, comprenant :

des moyens d’identification (905) de la marge
de puissance disponible par un dispositif mobile
pour chacune d’une pluralité de porteuses com-
posantes de liaison montante à émettre concur-
remment à partir du dispositif mobile ;
des moyens de détermination (910) qu’un pre-
mier type de rapport de marge de puissance
(PHR) doit être généré lorsqu’un amplificateur
de puissance doit être utilisé pour émettre deux
ou plus des porteuses composantes de liaison
montante, et qu’un second type de PHR doit être
généré lorsqu’un amplificateur de puissance
doit être utilisé pour émettre l’une des porteuses
composantes de liaison montante ;
des moyens de calcul (905) d’une puissance
d’émission maximale pour une ou plusieurs des
porteuses composantes de liaison montante sur
la base des un ou plusieurs types de PHR ;
des moyens de génération (920) d’une commu-
nication PHR incluant une ou plusieurs du pre-
mier et du second type de PHR en fonction de
la détermination, les un ou plusieurs PHR état
fonction de la puissance d’émission maximale
calculée ; et
des moyens d’émission (925) de la communica-
tion PHR.

11. Le système de la revendication 10, dans lequel les
moyens de calcul d’une puissance d’émission maxi-
male comprennent :

des moyens de calcul, lorsqu’il est déterminé
que le premier type de PHR doit être généré,
d’une puissance d’émission maximale associée
à au moins l’une des deux ou
plus porteuses composantes de liaison montan-
te, le calcul prenant en compte la marge de puis-
sance disponible pour chacune des deux ou plus
porteuses composantes de liaison montante par
augmentation proportionnelle des puissances
d’émission pour chaque porteuse composante
d’une quantité substantiellement identique.

12. Le système de la revendication 10, dans lequel les
moyens de calcul d’une puissance d’émission maxi-
male comprennent :

des moyens de calcul, lorsque l’on détermine
que le second type de PHR doit être généré,
d’une puissance d’émission maximale associée
avec la porteuse composante de liaison mon-
tante en question, le calcul prenant en compte
la marge de puissance disponible pour la por-
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teuse composante de liaison montante en ques-
tion indépendamment de toute augmentation de
la puissance d’émission des autres porteuses
composantes de liaison montante.

13. Le système de la revendication 10, comprenant en
outre :

des moyens d’émission d’un signal pour indi-
quer lequel d’entre le premier type et le second
type de PHR est émis.

14. Le système de la revendication 10, dans lequel cha-
cune des deux ou plus porteuses composantes de
liaison montante est émise dans une première bande
de fréquences, et la porteuse composante de liaison
montante est émise dans une seconde bande de
fréquences qui est différente de la première bande
de fréquences.

15. Le système de la revendication 10, dans lequel l’am-
plificateur de puissance qui émet chaque porteuse
composante de liaison montante est déterminé en
fonction de la bande de fréquences de la porteuse
composante de liaison montante.

16. Le système de la revendication 10, comprenant en
outre :

des moyens d’émission d’un signal pour indi-
quer que le premier type de PHR est basé sur
la puissance d’émission maximale calculée pour
l’une seulement des deux ou plus porteuses
composantes de liaison montante lorsque la
première puissance d’émission maximale est
calculée.
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