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Description
Title of Invention: METHOD AND APPARATUS FOR CON-
TROLLING UPLINK POWER IN WIRELESS COMMU-

NICATION SYSTEM
Technical Field

The present disclosure relates to controlling uplink power in a wireless commu-
nication system. More particularly, the present disclosure relates to a method and an

apparatus for reporting uplink power of a Mobile Station (MS).
Background Art

A Base Station (BS) performs scheduling using power headroom information of an
MS in order to efficiently utilize resources of the MS in a wireless communication
system. That is, when the MS provides power headroom information to the BS, the BS
may estimate maximum uplink transmission power supportable by the MS based on
the power headroom information of the MS, and perform control uplink power using
such items as Transmit Power Control (TPC), a Modulation and Coding Scheme
(MCS) level, a bandwidth, etc. within a range that does not depart from the estimated
uplink maximum transmission power.

A network structure that offloads explosively increasing data by additionally in-
stalling a small cell network to an existing wireless communication system, such as, a
macro cellular network with consideration of a phenomenon that an amount of mobile
traffic data increases rapidly is widely used.

For example, a structure that additionally installs a plurality of BSs having a small
cell whose transmission region is small, such as a pico cell or a femto cell to a cell
region of a macro BS is being provided. In this case, a User Equipment (UE) may
wirelessly connect to the macro BS and a small BS simultaneously, and perform uplink
transmission to a plurality of BSs that are being connected wirelessly. However, in the
related art, only a power headroom report method for controlling uplink transmission
power of a UE in the case where the UE is being connected to one BS is provided, and
a power headroom report method for controlling uplink transmission power of a UE in
the case where the UE is being connected to a plurality of BSs has not been provided.
Also, in the case where a plurality of BSs perform wireless resource allocation, the
wireless resource allocation is correlated complexly by the medium of the UE, so that
complexity for optimizing wireless resource allocation is increased. Furthermore, opti-
mization via real-time information sharing between BSs is required. However, when a
circuit (X2) between BSs is actually implemented, a delay time is generated, so that

performance deteriorates.
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Therefore, an uplink power headroom report method of a UE connected to a plurality

of BSs needs to be provided.
The above information is presented as background information only to assist with an

understanding of the present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be applicable as prior art with

regard to the present disclosure.
Disclosure of Invention

Solution to Problem

Aspects of the present disclosure are to address at least the above-mentioned
problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, an aspect of the present disclosure is to provide a power headroom report
method of a User Equipment (UE) and an apparatus thereof in a wireless commu-
nication system where one UE supports a transmission link for a plurality of Base
Stations (BSs) simultaneously.

Another aspect of the present disclosure is to provide a method and an apparatus for
detecting a power headroom changed by uplink scheduling of a specific BS, and
reporting the changed power headroom to at least one of the specific BS and another
BS in a wireless communication system where a UE supports a transmission link for a
plurality of BSs simultaneously.

Still another aspect of the present disclosure is to provide a method and an apparatus
for detecting a power headroom report trigger event by at least one BS, and reporting
the detected power headroom to at least one BS from which the power headroom
report trigger event has been detected and/or another BS in a wireless communication
system where a UE supports a transmission link for a plurality of BSs simultaneously.

Yet another aspect of the present disclosure is to provide a method and an apparatus
for distributing uplink maximum transmission power of a UE to a plurality of BSs that
are being connected in a wireless communication system where the UE supports a
transmission link for the plurality of BSs simultaneously.

Yet still another aspect of the present disclosure is to provide a method and an
apparatus for distributing uplink maximum transmission power based on Aggregated
Maximum Bit Rate (AMBR), a path loss, a bandwidth, and a weight factor for each of
a plurality of BSs that are being connected in a wireless communication system where
a UE supports a transmission link for the plurality of BSs simultaneously.

Yet further another aspect of the present disclosure is to provide a method and an
apparatus for adjusting uplink transmission power distributed to each BS to which a
UE is being connected based on a data amount of an uplink buffer for a relevant BS in

a wireless communication system where the UE supports a transmission link for a
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plurality of BSs simultaneously.

Still further another aspect of the present disclosure is to provide a method and an
apparatus for transmitting, at a BS, information required for controlling a power
headroom report of a UE using a Radio Resource Control (RRC) message in a wireless
communication system where the UE supports a transmission link for a plurality of
BSs simultaneously.

In accordance with an aspect of the present disclosure, a method for controlling
uplink power of a UE forming a transmission link with a plurality of BSs in a wireless
communication system is provided. The method includes detecting a power headroom
report trigger event by at least one of the plurality of BSs, and reporting power
headroom information of the UE to at least one of the plurality of BSs.

In accordance with another aspect of the present disclosure, a method of a BS, for
controlling uplink power of a UE forming a transmission link with a plurality of BSs in
a wireless communication system is provided. The method includes forming a
transmission link with the UE, and receiving a message reporting power headroom in-
formation from the UE, wherein the message reporting the power headroom in-
formation may be received by a power headroom report trigger by at least one of the
plurality of BSs.

In accordance with still another aspect of the present disclosure, an apparatus for
controlling uplink power of a UE forming a transmission link with a plurality of BSs in
a wireless communication system is provided. The apparatus includes a transceiver
configured to form the transmission link with the plurality of BSs to transmit/receive a
signal, and a power headroom report controller configured to detect a power headroom
report trigger event by at least one of the plurality of BSs, and control to report power
headroom information of the UE to at least one of the plurality of BSs.

In accordance with yet another aspect of the present disclosure, an apparatus of a BS,
for controlling uplink power of a UE forming a transmission link with a plurality of
BSs in a wireless communication system is provided. The apparatus includes a
transceiver configured to form a transmission link with the UE to transmit/receive a
signal, and a scheduler configured to receive a message reporting power headroom in-
formation from the UE via the transceiver, wherein the message reporting the power
headroom information may be received by a power headroom report trigger by at least
one of the plurality of BSs.

Other aspects, advantages, and salient features of the disclosure will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the present

disclosure.



WO 2014/178690 PCT/KR2014/003969

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
present disclosure will be more apparent from the following description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a view illustrating a wireless communication system where a macro cell and
a small cell coexist according to the related art;

FIG. 2A is a view illustrating a procedure that exchanges power headroom in-
formation of a User Equipment (UE) between Base Stations (BSs) in a wireless com-
munication system according to an embodiment of the present disclosure;

FIG. 2B is a view illustrating a detailed procedure that transmits power headroom in-
formation of UE in a wireless communication system according to an embodiment of
the present disclosure;

FIG. 3A is a view illustrating a signal flow performing a power headroom report on a
plurality of BSs to which a UE is being wirelessly connected in a wireless commu-
nication system according to an embodiment of the present disclosure;

FIG. 3B is a view illustrating a detailed signal flow performing a power headroom
report on a plurality of BSs to which a UE is being wirelessly connected in a wireless
communication system according to an embodiment of the present disclosure;

FIG. 4A is a flowchart illustrating an operation procedure that performs a power
headroom report on a plurality of BSs to which a UE is being wirelessly connected in a
wireless communication system according to an embodiment of the present disclosure;

FIG. 4B is a flowchart illustrating an operation procedure of a BS, for receiving a
power headroom report from a UE in a wireless communication system according to
an embodiment of the present disclosure;

FIG. 5A is a view illustrating an example that distributes maximum transmission
power to a plurality of BSs to which a UE is being wirelessly connected in a wireless
communication system according to an embodiment of the present disclosure;

FIG. 5B is a view illustrating an example that adjusts transmission power distributed
to a plurality of BSs to which a UE is being wirelessly connected in a wireless commu-
nication system according to an embodiment of the present disclosure;

FIG. 6 is a view illustrating a signal flow where a UE distributes and adjusts
maximum transmission power with respect to a plurality of BSs to which the UE is
being wirelessly connected, and performing a power headroom report based on this in
a wireless communication system according to an embodiment of the present
disclosure;

FIG. 7A is a flowchart illustrating an operation procedure where a UE distributes and

adjusts maximum transmission power with respect to a plurality of BSs to which the
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UE is being wirelessly connected, and performs a power headroom report based on this
in a wireless communication system according to an embodiment of the present

disclosure;
[31] FIG. 7B is a flowchart illustrating an operation procedure of a BS, for receiving a

power headroom report from a UE in a wireless communication system according to
an embodiment of the present disclosure;

[32] FIG. 7C is a flowchart illustrating an operation procedure where a UE adjusts uplink
transmission power distribution for a plurality of BSs to which the UE is being
wirelessly connected in a wireless communication system according to an embodiment
of the present disclosure;

[33] FIG. 8 is a view illustrating a signal flow where a BS distributes maximum
transmission power of a UE and the UE performs a power headroom report on a
plurality of BSs to which the UE is being wirelessly connected in a wireless commu-
nication system according to an embodiment of the present disclosure;

[34] FIG. 9A is a flowchart illustrating an operation procedure where a UE performs a
power headroom report on a plurality of BSs to which the UE is being wirelessly
connected based on maximum transmission power distribution information received
from a BS in a wireless communication system according to an embodiment of the
present disclosure;

[35] FIG. 9B is a flowchart illustrating an operation procedure where a BS distributes
maximum transmission power of a UE and receives a power headroom report in a
wireless communication system according to an embodiment of the present disclosure;

[36] FIG. 10 is a view illustrating an operation procedure where a BS distributes and
adjusts maximum transmission power of a UE, and the UE performs a power
headroom report on a plurality of BSs to which the UE is being wirelessly connected
based on this in a wireless communication system according to an embodiment of the
present disclosure;

[37] FIG. 11 is a view illustrating an operation procedure where a BS distributes and
adjusts maximum transmission power of a UE, and the UE performs a power
headroom report on a plurality of BSs to which the UE is being wirelessly connected
based on this in a wireless communication system according to an embodiment of the
present disclosure; and

[38] FIG. 12 is a block diagram illustrating a UE and a BS forming a wireless commu-
nication system according to an embodiment of the present disclosure.

[39] Throughout the drawings, like reference numerals will be understood to refer to like

parts, components, and structures.

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

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

9 <o

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

Various embodiments of the present disclosure propose an alternative for efficiently
using uplink transmission power in the case where one User Equipment (UE) uses a
plurality of links for a plurality of Base Stations (BSs) simultaneously.

Hereinafter, the present specification describes a portion of embodiments with
reference to various drawings. It is noted that like reference numerals are used for like
elements even though they are illustrated in different drawings in adding reference
numerals to elements of each drawing. Also, descriptions of well-known functions and
constructions are omitted for clarity and conciseness.

Also, in describing elements of the present specification, terminologies such as a
first, a second, A, B, (a), (b), etc. may be used. These terminologies are used only for
the purpose of discriminating one element from another element, and the essence of a
relevant element is not limited to a sequence or an order by those terminologies. In the
case where a certain element is “connected”, “coupled”, or “joined” to another
element, it should be understood that the element may be directly connected or joined
to another element but still another element may be “connected”, “coupled”, or
“joined” between those elements.

Also, the present specification describes a wireless communication network as an
object, and an operation performed in a wireless communication network may be
performed during a process of controlling a network and transmitting data in a system
(for example, a BS) having control over a relevant wireless communication network, or

an operation may be performed at a UE that has coupled to a relevant wireless



WO 2014/178690 PCT/KR2014/003969
network.
[47] A wireless communication system according to an embodiment of the present
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disclosure includes a plurality of BSs. Each BS provides a communication service for a
specific geographic area (generally called a cell). A cell may be divided into a plurality
of regions (or sectors) again.

A Mobile Station (MS) may be fixed or have mobility, and may be called different
terminologies such as a UE, a Mobile Terminal (MT), a User Terminal (UT), a
Subscriber Station (SS), a wireless device, a Personal Digital Assistant (PDA), a
wireless modem, a handheld device, etc.

A BS generally denotes a fixed station communicating with a mobile station, and
may be called different terminologies such as evolved-Node B (eNB), a Base
Transceiver System (BTS), an Access Point (AP), etc. A cell should be construed as
having a comprehensive meaning representing a portion of a region covered by a BS,
and having a meaning including any of a mega cell, a macro cell, a micro cell, a pico
cell, a femto cell, etc.

Hereinafter, the term “downlink’ denotes communication from a BS to a mobile
station, and the term “uplink” denotes communication from a mobile station to a BS. In
the downlink, a transmitter may be a portion of a BS, and a receiver may be a portion
of a mobile station. In the uplink, a transmitter may be a portion of a mobile station,
and a receiver may be a portion of a BS.

FIG. 1 is a view illustrating a wireless communication system where a macro cell and
a small cell coexist according to an embodiment of the present disclosure.

Referring to FIG. 1, an embodiment of the present disclosure exemplarily describes a
wireless communication system where a plurality of BSs having different cell sizes
coexist. For example, the embodiment of the present disclosure exemplarily describes
a wireless communication system where a macro cell 100 and a small cell 110 coexist.
However, embodiments described below are equally applicable to a case where an MS
supports wireless connection for a plurality of BSs simultaneously in a wireless com-
munication system including a plurality of BSs having the same cell size.

Also, hereinafter, an embodiment of the present disclosure exemplarily describes a
case where one UE 120 supports wireless connection for two BSs, that is, supports
dual connectivity. For example, the embodiment exemplarily describes a case where
the UE 120 forms wireless links for a BS (referred to as a ‘macro BS’, hereinafter) of
one macro cell 100 and a BS (referred to as a ‘small BS’, hereinafter) of one small cell
110, simultaneously. However, the present disclosure is equally applicable to a case of
forming a plurality of wireless links for a plurality of macro BSs, a case of forming a
plurality of wireless links for a plurality of small BSs, a case of forming a plurality of

wireless links for one macro BS and a plurality of small BSs, and a case of forming a



WO 2014/178690 PCT/KR2014/003969

[54]

[55]

[56]

[57]

[58]

plurality of wireless links for a plurality of macro BSs and one small BS. Here, the fact
that the UE 120 supports wireless connection for a plurality of BSs or forms wireless
links for a plurality of BSs may mean a state where the UE 120 may receive a service
via a control channel and/or a data channel from each of the plurality of BSs.

Also, the following description assumes a circumstance where a macro BS among the
macro BS and a small BS to which a UE is being connected operates as a master BS to
control other small BSs inside the system, and a case where a UE receives control in-
formation related to a power headroom report from the master BS is exemplarily
described. However, depending on a design scheme, the system may operate under in-
dependent control of the small BS, and in this case, the UE may receive control in-
formation related to power headroom report from the small BS.

Generally, maximum transmission power of an MS that uses a wireless commu-
nication technology is limited. The maximum use power of the MS that uses the
wireless communication technology is limited by a government regulation, etc., and a
maximum use power value may be differently set depending on regulations of each
country. Therefore, the MS reports a Power Headroom (PH) amount to a serving BS
via a control element of a Medium Access Control (MAC) layer in order to com-
municate with a macro BS and a small BS inside limited power, and a BS performs
uplink scheduling based on a power headroom amount of the MS. Here, the power
headroom amount means additionally available extra power besides power which the
MS currently uses for uplink transmission. For example, assuming a circumstance
where maximum transmission power of the MS is 200 mW and the MS currently uses
power of 180 mW in a frequency band of 10 MHz, a power headroom of the MS
becomes 20 mW.

In an embodiment of the present disclosure, since the MS forms a wireless link for a
macro BS and a small BS, both the macro BS and the small BS require information
regarding a power headroom amount of the MS. Therefore, an embodiment of the
present disclosure describes a method for reporting a power headroom amount to the
macro BS and the small BS to which the MS is being wirelessly connected.

FIG. 2A is a view illustrating a procedure that transmits power headroom information
of UE between BSs in a wireless communication system according to an embodiment
of the present disclosure.

Referring to FIG. 2A, UE 120 detects occurrence of a Power Headroom Report
(PHR) event in operation 200. For example, the UE 120 may detect at least one of a
path loss change, a P-Maximum Power Reduction (MPR), Scell addition, and power
back off by a MAC entity corresponding to at least one BS among two BSs connected
via a wireless link to detect an event for triggering a power headroom report. Also, the

UE 120 may detect whether an event for triggering a power headroom report occurs



WO 2014/178690 PCT/KR2014/003969

[59]

[60]

based on a periodic timer, a prohibit timer, a path loss value, etc. Here, the periodic
timer means a time that controls a power headroom report to be periodically triggered,
and the prohibit timer means a time that controls a power headroom report not to be
triggered. In the case where an uplink resource for new transmission is allocated to a
current Transmission Time Interval (TTI), or in the case where an allocated uplink
resource may accept a PHR MAC control element including a sub header as a result of
a logic channel priority, or in the case where a power headroom report is triggered, the
periodic timer may start (or may be driven) or restart (or may be re-driven). Also, the
periodic timer for triggering a power headroom report and the prohibit timer may start
when each MAC entity transmits a relevant PHR. A value of the periodic timer and the
prohibit timer may be expressed as the number of subframes. For example, in the case
where a value of the periodic timer is 10, the UE may trigger a power headroom report
every 10 subframes. In contrast, in the case where a value of the prohibit timer is 10,
an MS may block a trigger of a power headroom report during 10 subframes. In this
case, when 10 subframes elapse and the prohibit timer expires, an opportunity that may
trigger a power headroom report may be obtained.

For example, it may occur that the UE 120 detects occurrence of a power headroom
report event in operation 200. In the case where a periodic timer or a periodic PHR
timer set in advance expires, the UE 120 may detect a power headroom report event.
For another example, in the case where an estimated path loss value changes by a
threshold or more with respect to a macro BS 100, the UE 120 may detect a power
headroom report event. For still another example, the UE 120 may detect a power
headroom report event based on at least one of a path loss change, an MPR, Scell ac-
tivation, and power back off by a MAC entity corresponding to at least one BS among
two BSs connected via a wireless link. Here, a threshold of a periodic timer, a prohibit
timer, a path loss, etc. may be obtained by receiving a Radio Resource Control (RRC)
message illustrated in Table 1 below from the macro BS 100. Also, a path loss value
may be measured based on reception power of a reference symbol received from the
macro BS 100. According to another embodiment, the threshold of the periodic timer,
the prohibit timer, and the path loss may be obtained by receiving an RRC message il-
lustrated in Table 1 below from a small BS 110, and the path loss value may be
measured based on reception power of a reference symbol received from the small BS
110.

The UE 120 estimates a power headroom, and reports the estimated power headroom
to the macro BS 100 in operation 210. In the present specification, a power headroom
may mean a power headroom amount. A power headroom Ppy; may be defined as a
difference value between maximum transmission power P, set in advance to the UE

120 and power
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P estimated for uplink transmission, and may be expressed in terms of
estimated

dB. Depending on an embodiment, the UE 120 may report a transmission power
amount expressed in terms of dB, and quantize a transmission power amount using n
bits and report the same. For example, a power headroom may be expressed within a
range from -23 dB to +40 dB. In the case where 6 bits are used in representing a power

headroom, 64 indexes (25=64) may be represented using 6 bits, so that the range from

-23 dB to +40 dB may be divided into 64 steps. That is, in the case where a power
headroom is equal to or greater than -23 dB and less than -22 dB, the UE 120 may
report 000001, in the case where a power headroom is equal to or greater than -22 dB
and less than -21 dB, the UE 120 may report 000010, in the case where a power
headroom is equal to or greater than -21 dB and less than -20 dB, the UE 120 may
report 000011,..., and in the case where a power headroom is equal to or greater than
40 dB, the UE 120 may report 111111. Here, each MAC entity may independently
detect a periodic power headroom report trigger or a trigger of a power headroom
report by reconfiguration to transmit the PHR to a relevant BS.

The macro BS 100 that has received a power headroom report from the UE 120 de-
termines that the UE 120 is being connected to the small BS 110 simultaneously, and
may exchange power headroom information of the UE 120 with the small BS 110 in
operation 220. At this point, the macro BS 100 and the small BS 110 may exchange
power headroom information via an X2 interface. The small BS 110 may obtain power
headroom information of the UE 120 via the macro BS 100, and perform uplink
scheduling for the UE 120 based on the obtained power headroom information.

FIG. 2B is a view illustrating a detailed procedure that transmits power headroom in-
formation of UE in a wireless communication system according to an embodiment of
the present disclosure.

Referring to FIG. 2B, a macro BS 100 may detect an RRC configuration message
transmission event to the UE 120 in operation 230, and transmit the RRC configuration
message including information for each MAC entity to the UE 120 in operation 232.
The macro BS 100 may detect necessity of having to transmit an RRC configuration
message for RRC connection setup with UE, RRC connection reconfiguration, or RRC
connection reestablishment. The macro BS 100 may transmit an RRC configuration
message including PHR related control information for each BS. Here, the PHR related
control information for each BS may include a periodic timer for each BS, a prohibit
timer for each BS, and a threshold for a path loss for each BS, etc. For example, the
macro BS 100 may transmit an RRC configuration message including a periodic timer,
a prohibit timer, and a threshold for a path loss for the macro BS 100. For another

example, the macro BS 100 may transmit an RRC configuration message including a
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periodic timer, prohibit timers, and a threshold for a path loss for each of the macro BS
and a plurality of small BSs. Here, in the case where the macro BS 100 transmits an
RRC configuration message including only a periodic timer, a prohibit timer, and a
threshold for a path loss for the macro BS 100, a periodic timer, a prohibit timer, and a
threshold for a path loss for small BSs 110-i to110-k may be transmitted via an RRC
message from each of the small BSs. According to an embodiment of the present
disclosure, though not shown, it is assumed that the UE 120 forms a transmission link
with each of the macro BS 100 and at least one of the small BSs 110-i to110-k. Ac-
cordingly, the UE 120 may receive PHR related control information for a relevant BS
via an RRC message of each of the macro BS 100 and the small BSs 110-1 to110-k.
Here, PHR related control information of the macro BS and PHR related control in-
formation of a small BS may be different from each other or may be the same.

The UE 120 detects whether a periodic timer for an MAC entity of a specific BS
among a plurality of BSs whose transmission links have been formed expires in
operation 234 to detect occurrence of a Power Headroom Report (PHR) event. Here, it
is assumed that a periodic timer for an MAC entity corresponding to an i-th small BS
110-1 has expired. The UE 120 detects occurrence of a power headroom report event
by expiration of a periodic timer, transmits a scheduling request message requesting
uplink resource allocation to the i-th small BS 110-i in operation 236, and receives an
UL grant message including uplink resource allocation information from the i-th small
BS 110-i in operation 238. The UE 120 transmits a power headroom report message
including power headroom information of the UE 120 to the i-th small BS 110-I using
the allocated uplink resource in operation 240.

The UE 100 that has transmitted the power headroom report message resets a
prohibit timer in operation 242. For example, when an MAC entity corresponding to
the i-th small BS 110-i transmits a power headroom report message, the UE 120 ini-
tializes and restarts a prohibit timer for the i-th small BS 110-i.

After that, the UE 100 detects whether a PHR trigger event occurs by a PHR
triggering event condition in operation 244. For example, the UE 120 may detect at
least one of a path loss change, a P-Maximum Power Reduction (MPR), Scell ac-
tivation, and a power back off by an MAC entity corresponding to at least one BS
among a plurality of BSs whose wireless links have been connected to detect an event
for triggering a power headroom report. For more detailed example, in the case where
a path loss change amount is greater than a threshold by an MAC entity corresponding
to at least one BS, the UE 120 may detect occurrence of a PHR triggering event. A
power loss value may be measured based on reception power of a reference symbol
received from a BS corresponding to an MAC entity. For another example, in the case

where a P-MPR change amount is greater than a threshold, the UE 120 may detect oc-
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currence of a PHR triggering event.

In the case where the UE 120 detects occurrence of a power headroom report event in
operation 244, the UE 120 determines whether a prohibit timer expires in operation
246. In the case where the prohibit timer expires, the UE 120 determines a cir-
cumstance where a power headroom report is possible, and transmits a scheduling
request message requesting uplink resource allocation to the macro BS 100 in
operation 248, and receives an UL grant message including uplink resource allocation
information from the macro BS 100 in operation 250.

The UE 120 transmits a power headroom report message including power headroom
information of the UE 120 to the macro BS 100 using the allocated uplink resource in
operation 234. At this point, the UE 120 may estimate a power headroom for each of
the plurality of BSs whose links have been formed, and transmit a power headroom
report message including power headroom information for each BS to the macro BS
100. For example, the UE 120 may transmit a power headroom report message to the
macro BS 100 regardless of a BS that has detected a PHR trigger event of operation
244. Also, the UE 120 resets a prohibit timer of the BSs which received new PHR
reports in operation 254. For example, when an MAC entity corresponding to the
macro BS 100 transmits a power headroom report message, the UE 120 initializes and
restarts a prohibit timer for the macro BS and other Scell BSs which updated this new
PHR reports 100.

The macro BS 100 that has been reported the power headroom from the UE 120 may
determine the UE 120 is being connected to one or more small BSs 110-i to110-k, and
transmit power headroom information of the UE 120 to a relevant small BS 110-i,
110-k in operation 256. At this point, the macro BS 100 may transmit power headroom
information to the small BSs 110-i to 110-k via an X2 interface.

The order of PHR triggering event based on periodic timer and others in operation
244 can be decided following which event is happen in advance.

However, according to the above method where a specific BS transmits power
headroom information of the UE to other BSs, a maximum delay of 60 msec may
occur depending on the kind of a backhaul connecting BSs, and a power headroom of
the UE 120 may change during this delay time. In this case, the small BSs 110-i to
110-k cannot immediately recognize that the power headroom of the UE 120 changes,
and performs uplink scheduling using the previous power headroom, so that a
transmission error of the system or deterioration of a wireless resource efficiency may
occur.

Therefore, the present specification proposes, as another embodiment, a method for
reporting, at a UE, a changed power headroom to a specific BS and other BSs in the

case where a power headroom of the UE is changed by uplink scheduling of a specific
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BS among a plurality of BSs to which the UE is connected.

FIG. 3A is a view illustrating a signal flow performing a power headroom report on a
plurality of BSs to which a UE is being wirelessly connected in a wireless commu-
nication system according to an embodiment of the present disclosure.

Referring to FIG. 3A, a UE 300 detects occurrence of a PHR event in operation 310.
The UE 300 may detect whether a PHR event occurs based on a periodic timer, a
prohibit timer, a path loss value, a threshold for a power headroom change, and a timer
for a power headroom change. For another example, the UE 300 may detect at least
one of a path loss change, an MPR, Scell activation, and power back off by a MAC
entity corresponding to at least one BS among two BSs connected via a wireless link to
detect an event for triggering a power headroom report. For another example, the UE
300 may detect occurrence of an event for triggering a power headroom report by
periodic power headroom report or reconfiguration for each BS via a MAC entity cor-
responding to each of two BSs. Here, the periodic timer, the prohibit timer, and the
path loss value are the same as those described in FIGS. 2A and 2B. Also, a threshold
for a power headroom change means a value for controlling a power headroom report
to be triggered when a power headroom of UE is changed by a predetermined amount
or more by uplink scheduling of a BS. For example, in the case where q UE uses
transmission power of 70 mW by uplink scheduling of a BS among a power headroom
of 200 mW while the power headroom of the UE is 200 mW, the power headroom
amount reduces by 70 mW and becomes 130 mW. At this point, when a threshold for a
power headroom change is 20 mW, since the power headroom change amount of 70
mW is greater than the threshold of 20 mW, the UE may trigger a power headroom
report. For another example, in the case where the UE additionally uses transmission
power of 10 mW by uplink scheduling of a BS among a power headroom of 130 mW
while the power headroom of the UE is 130 mW, the power headroom amount reduces
by 10 mW and becomes 120 mW. At this point, when a threshold for a power
headroom change is 20 mW, since the power headroom change amount of 10 mW is
less than the threshold of 20 mW, the UE may control a power headroom report not to
be triggered. In addition, a timer for a power headroom change means a value that
controls a power headroom report to be triggered when a circumstance where a power
headroom of the UE is changed by a predetermined amount by uplink scheduling of a
BS is maintained for a predetermined time or more. For example, in the case where a
threshold for a power headroom change is 20 mW and a timer for a power headroom
change is 5, in the case where a power headroom is changed from 150 mW to a value
smaller than 150 mW by 20 mW or more (that is, a value equal to or less than 130
mW) by uplink scheduling of a BS and then the power headroom is maintained as a

value equal to or less than 130 mW for 5 subframes, the UE may trigger a power
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headroom report. For another example, in the case where a power headroom is
changed from 150 mW to a value smaller than 150 mW by 20 mW or more (that is, a
value equal to or less than 130 mW) by uplink scheduling of a BS but the power
headroom is not maintained as a value equal to or less than 130 mW for 5 subframes,
the UE may control the power headroom report not to be triggered.

Here, the UE may receive a periodic timer, a prohibit timer, a threshold for a path
loss, a threshold for a power headroom change, and a timer for a power headroom
change via a RRC message as illustrated in Table 1 below. Description of Table 1
below is equally applicable to FIGS. 2A and 2B.

Table 1
Table 1PHR-Config
setup
periodic PHR-Timer Timer 1
prohibitPHR-Time Time 1
dl-PathlossChange Threshold 1
Ch PH-Threshold Threshold 2
Ch PH-Timer Time 2

Here, PHR-Config means a field including control information related to a PHR in an
RRC message, periodic PHR-Timer means a periodic timer that controls a power
headroom report to be triggered periodically, and prohibit PHR-Time means a time
section that controls a power headroom report not to be controlled. At this point,
prohibit PHR-Time may be set to a measurement time of the prohibit timer. Also, dl-
PathlossChange means a threshold for a path loss, Ch_PH-Threshold means a
threshold for a power headroom change, and Ch_PH-Timer means a timer for a power
headroom change. For another example, the UE may receive a periodic timer, a
prohibit timer, a threshold for a path loss, a threshold for a power headroom change,

and a timer for a power headroom change via an RRC message from a small BS 304.
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For example, various parameters used for detecting a power headroom report trigger
event may be received from a macro BS and a small BS.

The UE 300 estimates a power headroom, and reports the estimated power headroom
to a macro BS 304 in operation 320. At this point, the macro BS 304 may estimate
uplink maximum transmission power supportable by the UE based on power headroom
information of the UE 300, and perform uplink scheduling such as a Transmit Power
Control (TPC), a Modulation and Coding Scheme (MCS) level, a bandwidth, etc.
within a range that does not depart from the estimated uplink maximum transmission
power.

The UE 300 detects a power headroom changed by uplink scheduling of the macro
BS 304 in operation 330. After that, the UE 300 detects occurrence of a power
headroom report event for triggering a power headroom report in operation 340. Here,
the UE 300 may detect whether an event for triggering a power headroom report based
on a periodic timer, a prohibit timer, a threshold for a path loss, a threshold for a power
headroom change, and a timer for a power headroom change. For example, in the case
where an amount by which a power headroom changes by scheduling of the macro BS
304 is equal to or greater than Ch-PH-Threshold, the UE 300 may detect occurrence of
a power headroom report event and trigger a power headroom report. For another
example, in the case where a change amount of a power headroom is maintained as a
value equal to or greater than Ch-PH-Threshold for a time of Ch_PH-Timer or more by
scheduling of the macro BS 304, the UE 300 may detect occurrence of a power
headroom report event and trigger a power headroom report. Here, the UE 300
calculates a power headroom of a point at which a power headroom report of the
macro BS 304 has been triggered, and generates a power headroom report message
representing the calculated power headroom. For another example, the UE 300 may
calculate an average value for power headrooms for a time corresponding to
Ch_PH-Timer, and generate a power headroom report message representing an
average power headroom.

The UE 300 transmits a power headroom report message to a small BS 302 in
operation 350. Additionally, the UE 300 may transmit a power headroom report
message to the macro BS 304 in operation 360. For example, the UE 300 may transmit
the power headroom report message generated in operation 340 to both the small BS
302 and the macro BS 304, and may transmit the power headroom report message to
one of the small BS 302 and the macro BS 304.

FIG. 3B is a view illustrating a detailed signal flow performing a power headroom
report on a plurality of BSs to which a UE is being wirelessly connected in a wireless
communication system according to an embodiment of the present disclosure. Here,
since operations 370 to 386 of FIG. 3B are the same as operations 230 to 246 of FIG.
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2B, description thereof is omitted for convenience in description.

Referring to FIG. 3B, in the case where a prohibit timer expires as a result of the de-
termination in operation 386, the UE 300 determines a circumstance where power
headroom report is possible, transmits a scheduling request message requesting uplink
resource allocation to each of a plurality of BSs 302-i to 302-k, 304 that are being
wirelessly connected in operation 388, and receives an UL grant message including
uplink resource allocation information from each of the plurality of BSs 302-i to 302-k,
304 in operation 390.

The UE 300 transmits a power headroom report message including power headroom
information of the UE 300 to each of the plurality of BSs 302-i to 302-k, 304 using an
uplink resource allocated by each of the plurality of BSs 302-i to 302-k, 304 in
operation 392. At this point, the UE 300 may estimate power headroom for each of the
plurality of BSs, generate a power headroom report message including power
headroom information for a relevant BS for each BS, and transmit the same. Also,
when an MAC entity transmits a power headroom report message, the UE 300 may
initialize and restart a prohibit timer for at least one BS corresponding to the MAC
entity.

FIG. 4A is a flowchart illustrating an operation procedure that performs a power
headroom report on a plurality of BSs to which UE is being wirelessly connected in a
wireless communication system according to an embodiment of the present disclosure.

Referring to FIG. 4A, the UE 300 performs initial connection via an RRC message in
operation 401. At this point, the UE may perform initial connection procedures on a
macro BS 304 and a small BS 302, respectively, to form two transmission links for the
two BSs 302 and 304. At this point, the UE 300 may receive PHR related control in-
formation as illustrated in Table 1 via an RRC message of each of the macro BS and
the small BS. Here, PHR related control information of the macro BS and PHR related
control information of the small BS may be different from each other or may be the
same.

After that, the UE 300 detects whether a periodic PHR event occurs in operation 403.
For example, the UE 300 determines periodic PHR-Timer and prohibit PHR-Time
from an RRC message of at least one of the macro BS and the small BS to set a
periodic timer and a prohibit timer and determines whether a power headroom report
trigger condition by the periodic timer and the prohibit timer is met. Here, the periodic
timer and the prohibit timer may be different or may be the same for each BS. In the
case where the periodic timer and the prohibit timer are different for each BS, the UE
300 may determine whether a power headroom report trigger condition by the periodic
timer and the prohibit timer of the macro BS is met, or whether a power headroom

report trigger condition by the periodic timer and the prohibit timer of the small BS is
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met. The periodic timer and the prohibit timer may start or restart when each MAC
entity transmits a power headroom report.

In the case where a periodic PHR event occurs, the UE 300 proceeds to operation
405 to perform a power headroom report on the BS 304. For example, in the case
where a periodic PHR event occurs, the UE 300 performs power headroom report on a
BS that has generated the periodic PHR event. More specifically, in the case where the
periodic PHR event has been generated by the periodic timer of the macro BS, the UE
300 may perform power headroom report on the macro BS. In the case where the
periodic PHR event has been generated by the periodic timer of the small BS, the UE
300 may perform power headroom report on the small BS.

After that, the UE 304 detects an uplink channel status of a specific BS among BSs
whose transmission links have been formed changes in operation 407. For example, the
UE 304 may detect a power headroom is changed by uplink scheduling of the macro
BS, or detect a power headroom is changed by uplink scheduling of the small BS.
Here, the UE 304 may detect a power headroom is changed by a path loss change for a
specific BS, a P-MPR, Scell activation, a power back off change, etc.

After that, the UE 300 determines if a change amount of a power headroom by a
channel status is equal to or greater than a threshold in operation 409. For example, the
UE 300 determines a threshold for a power headroom change from PHR related
control information received via an RRC message from a specific BS, and determines
whether a change amount (or a change width) of a power headroom by uplink
scheduling of a specific BS is equal to or greater than the threshold. For example, in
the case where a power headroom of a point before the uplink scheduling is 150 mW
and the threshold for the power headroom change is 20 mW, the UE determines
whether a power headroom is changed from 150 mW to a value smaller than 150 mW
by 20 mW or more (that is, a value equal to or less than 130 mW) by the uplink
scheduling of the macro BS 304. Additionally, the UE 300 may determine a timer for a
power headroom change from the PHR related control information received via an
RRC message from a specific BS, and determine a change amount of the power
headroom maintains a threshold or more for a time corresponding to the timer. For
example, in the case where a power headroom of a point before the uplink scheduling
is 150 mW, a threshold for a power headroom change is 20 mW, and a timer for a
power headroom change is 5, the UE determines whether a power headroom is
maintained as a value equal to or less than 130 mW during 5 subframes after the power
headroom is changed from 150 mW to a value smaller than 150 mW by 20 mW or
more (that is, a value equal to or less than 130 mW) by the uplink scheduling of the
small BS 302.

If a change amount of the power headroom is less than the threshold, the UE 300
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returns to operation 403 to re-perform subsequent operations. For example, in the case
where a power headroom of a point before the uplink scheduling is 150 mW and a
threshold for a power headroom change is 20 mW, in the case where a power
headroom is changed from 150 mW to 140 mW smaller than 150 mW by 10 mW by
the uplink scheduling of the macro BS 304, the UE determines the change amount of
the power headroom is less than the threshold, and determines a periodic PHR event
occurs.

In contrast, in the case where the change amount of the power headroom is equal to
or greater than the threshold, the UE 300 proceeds to operation 411 to transmit a power
headroom report message representing the changed power headroom to at least one of
the macro BS 304 and the small BS 302 that are being connected. For example, in the
case where a power headroom of a point before uplink scheduling is 150 mW and a
threshold for a power headroom change of the macro BS is 20 mW, in the case where a
power headroom is changed from 150 mW to 110 mW which is a value smaller than
150 mW by 20 mW or more by uplink scheduling of the macro BS, the UE may
generate a power headroom report message representing the changed 110 mW and
transmit the same to the macro BS and the small BS 302. For another example, in the
case where a power headroom of a point before uplink scheduling is 200 mW and a
threshold for a power headroom change is 10 mW, in the case where a power
headroom is changed from 200 mW to 180 mW which is a value smaller than 200 mW
by 10 mW or more by uplink scheduling of the small BS, the UE may generate a
power headroom report message representing the changed 180 mW and transmit the
same to the macro BS and the small BS 302. After that, the UE 300 returns to
operation 403 to re-perform subsequent operations.

FIG. 4B is a flowchart illustrating an operation procedure of a BS, for receiving a
power headroom report from UE in a wireless communication system according to an
embodiment of the present disclosure.

Referring to FIG. 4B, a macro BS 304 performs initial connection with the UE 300
using an RRC message in operation 421. At this point, the RRC message may include
PHR related control information as illustrated in Table 1.

After that, the macro BS 304 determines whether a power headroom report message
is received from the UE 300 in operation 423. When the power headroom report
message is received, the macro BS 304 performs uplink scheduling for a relevant UE
in operation 425. For example, the macro BS 304 may estimate uplink maximum
transmission power supportable by the UE based on power headroom information of
the UE, and perform uplink control such as a TPC, an MCS level, a bandwidth, etc.
within a range that does not depart from the estimated uplink maximum transmission

power.
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After that, the macro BS 304 transmits uplink scheduling information to the UE 300
in operation 427, and returns to operation 423 to re-perform subsequent operations.

The embodiments of FIGS. 3, 4A, and 4B have described that the UE detects
whether an event for triggering a power headroom report occurs based on a change
amount of a power headroom by uplink scheduling and/or a time for which the change
amount of the power headroom is met. However, according to various embodiments,
the UE may detect an event for triggering a power headroom report based on at least
one of a path loss change, an MPR, Scell activation, and power back off via a MAC
entity corresponding to at least one BS among two BSs. For another embodiment, the
UE may detect an event for triggering a periodic power headroom report for a relevant
BS or a power headroom report by reconfiguration independently via a MAC entity
corresponding to a specific BS. Also, depending on an embodiment, the UE may
transmit a power headroom report message generated based on a power headroom
report trigger event detected by at least one of a plurality of BSs to only a relevant BS,
or transmit the power headroom report message to the relevant BS and at least one
different BS, simultaneously.

Also, as illustrated in FIGS. 3, 4A, and 4B, the embodiment of the present disclosure
may report a power headroom change circumstance of a UE by transmission power al-
location of a specific BS to other BSs by using a power headroom change amount by
uplink scheduling and/or a time for which a power headroom change amount is met as
a condition of a power headroom report trigger event. However, according to this
method, a result thereof may change depending on which BS a power headroom report
is performed among BSs to which the UE is connected. Therefore, the above em-
bodiment has a difficulty in obtaining an optimized performance with respect to all
transmission links.

Therefore, an embodiment below describes a method for distributing in advance
maximum transmission power of a UE to a plurality of BSs that are being connected to
the UE, and adjusting transmission power distributed to respective BSs based on a
channel state of the plurality of BSs and a data amount of an uplink buffer in order to
obtain an optimized performance with respect to all transmission links.

FIG. 5A is a view illustrating an example that distributes maximum transmission
power to a plurality of BSs to which UE is being wirelessly connected in a wireless
communication system according to an embodiment of the present disclosure.

As illustrated in FIG. 5A, an embodiment of the present disclosure determines uplink
maximum transmission power P, 500 of UE, and divides the maximum transmission

power 500 into maximum transmission power P 502 for a small BS and maximum
oy

transmission power P, 504 for a macro BS. That is, the maximum transmission power
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502 for the small BS means maximum transmission power that may be used for a
transmission link for a specific small BS under a circumstance where a UE forms
transmission links with a plurality of BSs. Also, the maximum transmission power 504
for the macro BS means maximum transmission power that may be used for a
transmission link for a specific macro BS under a circumstance where a UE forms
transmission links with a plurality of BSs.

The maximum transmission power P 502 for the small BS and the maximum
&

transmission power P,, 504 for the macro BS may be distributed based on parameters
such as Aggregated Maximum Bit Rate (AMBR) for each of a plurality of BSs that are
being connected, a path loss, an uplink channel state quality, a bandwidth, and/or a
weight factor.

Uplink maximum transmission power of a UE may be distributed in the following
manner based on each parameter.

1) Aggregated Maximum Bit Rate (AMBR

A UE may determine maximum transmission power for each transmission link based
on an AMBR for each uplink transmission link with respect to each BS. At this point,
the UE may distribute more maximum transmission power to a BS of a transmission
link whose AMBR is high. That is, the UE may determine the maximum transmission
power such that the maximum transmission power is proportional to an AMBR value
of a transmission link. For example, the UE may distribute transmission power as 1il-

lustrated in Equation (1) below.

= AMBR, > P = AMBR,, Pofeeeinnnn. Equation (1)
AMBR, + AMBR, " AMBR, + AMBR, ™

where P, is maximum transmission power for a macro BS, P 1S maximum
5

transmission power for a small BS, AMBR,,is an AMBR for a macro BS, and

AMBR _ is an AMBR for a small BS, and P,,,, is uplink maximum transmission

power of UE. For example, under a circumstance where maximum transmission power
of UE is 200 mW, a transmission link for a macro BS services Voice over IP (VolP)
traffic to enable a Quality of Service (QoS) service even for a frequent handoff, and a
large capacity file of a best effort is transmitted via a transmission link for a small BS,
assuming that an AMBR of a transmission link for a macro BS is 1 Mbps and an
AMBR of a transmission link for a small BS is 4 Mbps, maximum transmission power
for the macro BS may be determined as 40 (=(1/(1+4))*200), and maximum
transmission power for the small BS may be determined as 160 (=(4/(1+4))*200).

2) A path loss or channel state quality information
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A UE may determine maximum transmission power for each transmission power
based on a path loss for each uplink transmission link or channel state quality in-
formation with respect to each BS. Generally, since when a transmission region of a
BS is small, a distance from a user is close and a channel environment is superior in a
wireless communication system, the UE reflects this to distribute uplink maximum
transmission power. The UE may determine maximum transmission power such that
the maximum transmission power is inversely proportional to a path loss value of a
transmission link.

3) A bandwidth

A UE may determine maximum transmission power for each transmission link based

on a spectrum bandwidth used for a transmission link of each BS. The UE may
determine maximum transmission power such that the maximum transmission power is
proportional to the bandwidth of a transmission link for each BS. For example, in the
case where a bandwidth used for a transmission link of a macro BS is 10 MHz and a
bandwidth used for a transmission link of a small BS is 40 MHz, the UE may divide
maximum transmission power of 200 mW of the UE into 40 mW and 160 mW which
is a ratio of 10:40.

4) Weight factor

A UE may determine weight for a transmission link of each BS with consideration of
rarity of each BS resource and/or the number of connected MSs (or network density),
and determine maximum transmission power for each transmission link based on
weight for each transmission link. For example, the UE may determine weight with
consideration of costs generated when using a resource of each BS. For another
example, the UE may determine weight with consideration of the number (network
density) of simultaneously connected UEs for each BS.

According to an embodiment of the present disclosure, the UE may distribute
maximum transmission power for each BS with consideration of two or more pa-
rameters among the above-described parameters.

For example, the UE may reflect an AMBR and weight simultaneously to distribute

transmission power as illustrated in Equation (2) below.

AMBR,,w, P P AMBR, v, P i Equation (2)

"~ AMBR w_+ AMBRw, " * " AMBR w_+ AMBRw, "™

m i

where P, is maximum transmission power for a macro BS, P 1S maximum
5

transmission power for a small BS, AMBR,, is an AMBR for a macro BS, and

AAIBR _ is an AMBR for a small BS, and Py, is uplink maximum transmission
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is weight of the macro BS, and is weight of the small BS. For example,
1 5
assuming that maximum transmission power of UE is 200 mW, an AMBR of a
transmission link for a macro BS is 1 Mbps and an AMBR of a transmission link for a
small BS is 4 Mbps, weight of the macro BS is 1, and weight of the small
W o Wy
BS is 5, maximum transmission power for the macro BS may be determined as
10(=(1*1/(1*1+4%*5))*200), and maximum transmission power for the small BS may
be determined as 190 (=(4*5/(1*1+4*5))*200).
For another example, the UE may reflect an AMBR, channel state information, a

bandwidth, and weight simultaneously as in Equation (3) below to distribute

transmission power.

AMBR _h BW w

m s m_ " m

P = P
" AMBR hBW w + AMBRh BWw, "

s m-m sTm

b AMBR h BW w, p
" AMBR hBW w_+ AMBRh BW.w, ™

ey mom s m

..................... Equation (3)

where P, is maximum transmission power for a macro BS, P 1s maximum
5
transmission power for a small BS, AMBR,, is an AMBR for a macro BS,
p AMEBR

is an AMBR for a small BS, and P,,,, is uplink maximum transmission power of UE.

Also, is weight of the macro BS, is weight of the small BS, is
w,, W, /,,

channel state information of the macro BS, JA is channel state information of the
5

small BS, BW,, is a bandwidth of the macro BS, and g3~ is a bandwidth of the

small BS.
For example, assuming that maximum transmission power of a UE is 200 mW, an
AMBR of a transmission link for a macro BS is 1 Mbps and an AMBR of a

transmission link for a small BS is 4 Mbps, weight of the macro BS is 1, weight
Fer

of the small BS is 5, a bandwidth used for the transmission link of the macro BS
5

is 10 MHz, a bandwidth used for the transmission link of the small BS is 40 MHz, and
a ratio of channel state information of the macro BS and the small BS and/or a path
loss value is 1:64, maximum transmission power for the macro BS may be determined
as 88 (=(1*64*1*1/(1*64*1*14+4*1%4*5))*200), and maximum transmission power for
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the small BS may be determined as 112 (=(4*1%4*5/(1*64* 1* 1+4*1*%4*5))*200).

Also, though the embodiment of the present disclosure has exemplarily described a
case of distributing maximum transmission power to respective BSs using parameters
such as an AMBR, a path loss, an uplink channel state quality, a bandwidth, and/or
weight, maximum transmission power distribution is not limited to the above pa-
rameters but may be performed using parameters used for allocation of a general
wireless resource.

According to an embodiment of the present disclosure, as illustrated in FIG. 5A, a
UE distributes uplink maximum transmission power to a plurality of BSs that are being
connected, and then in the case where a condition of a PHR trigger event is met, the
UE may reflect a channel state of each BS and a state of an uplink buffer to adjust
maximum transmission power distributed to each BS. Here, whether a trigger
condition of a PHR event is met may be determined based on at least one of a path loss
change, an MPR, Scell activation, and power back off via a MAC entity corresponding
to at least one BS among two BSs. Whether a trigger condition of a PHR event is met
may be determined independently based on a periodic timer or a reconfiguration event
via a MAC entity corresponding to respective two BSs.

FIG. 5B is a view illustrating an example that adjusts transmission power distributed
to a plurality of BSs to which a UE is being wirelessly connected in a wireless commu-
nication system according to an embodiment of the present disclosure.

Referring to FIG. 5B, the UE may allocate ( P =P,...) whole maximum transmission
5

power P, 510 of the UE to only a small BS or allocate (P,,=P,,..) whole maximum
transmission power P, 520 to only a macro BS based on a channel state of each BS
and a state of an uplink buffer. Also, the UE may adjust a ratio of maximum
transmission power distributed to each BS (e.g., 530 and 540).

For example, when a data amount of an uplink buffer for a macro BS is equal to or
less than a first threshold and a state where the data amount of the uplink buffer for the
macro BS is equal to or less than the first threshold lasts for a threshold time or more,
the UE may allocate all or a portion of maximum transmission power distributed to the
macro BS to a small BS.

For another example, when a data amount of an uplink buffer for a small BS is equal
to or less than the first threshold and a state where the data amount of the uplink buffer
for the small BS is equal to or less than the first threshold lasts for a threshold time or
more, the UE may allocate all or a portion of maximum transmission power distributed
to the small BS to the macro BS.

For still another example, in the case where the data amount of the uplink buffer for

the macro BS is greater than the first threshold and the data amount of the uplink
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buffer for the small BS is greater than the threshold, the UE may determine whether
channel state information values for two BSs change to a second threshold or more for
a threshold time. In the case where the channel state information values for the two
BSs change to the second threshold or more for the threshold time, the UE may adjust
maximum transmission power distributed to the two BSs with consideration of the data
amount of the uplink buffer and the channel state information value. In contrast, in the
case where the channel state information values for the two BSs do not change to the
second threshold or more for the threshold time, the UE may maintain the initially dis-
tributed maximum transmission power without changing the maximum transmission
power distributed to the two BSs.

FIG. 6 is a view illustrating a signal flow where a UE distributes and adjusts
maximum transmission power with respect to a plurality of BSs to which UE is being
wirelessly connected, and performing a power headroom report based on this in a
wireless communication system according to an embodiment of the present disclosure.

Referring to FIG. 6, a UE 600 and a macro BS 602 perform initial connection setting
in operation 610. At this point, the macro BS 602 may transmit an RRC message
including PHR related control information illustrated in Table 2 below to the UE 600.

Table 2
PHR-Config
sctup
periodic PHR-Timer Timer 1
prohibitPHR-Time Time 1
dl-PathlossChange Threshold 1
Buffer Threshold Threshold 2
Buffer Timer Time 3

Here, PHR-Config means a field including control information related to a PHR in an
RRC message, periodic PHR-Timer means a periodic timer that controls a power
headroom report to be triggered periodically, and prohibit PHR-Time means a time
section that controls a power headroom report not to be controlled. At this point,
prohibit PHR-Time may be set to a measurement time of the prohibit timer. Also, dl-

PathlossChange means a threshold for a path loss, and Buffer Threshold means a
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value compared with an uplink buffer data amount of each BS in order to determine
whether adjustment of maximum transmission power distributed to each BS is
required. Also, Buffer-Timer means a value compared with a time for which an uplink
buffer data amount of each BS is maintained as a threshold or more in order to
determine whether adjustment of maximum transmission power distributed to each BS
is required. For example, the UE may compare an uplink buffer data amount of each
BS with Buffer_Threshold to determine whether adjustment of maximum transmission
power distributed to each BS is required. For another example, the UE may measure a
time for which a state where an uplink buffer data amount of each BS is smaller than
Buffer_Threshold is maintained, and compare the measured time with a time of
Buffer-Timer to determine whether adjustment of maximum transmission power dis-
tributed to each BS is required.

When initial connection setting is completed, the UE 600 performs a static decision
operation that distributes maximum transmission power of the UE 600 to a macro BS
602 and a small BS 604 that are being connected in operation 620. At this point, as il-
lustrated in FIG. 5A, the UE 600 may distribute maximum transmission power to
transmission power of the macro BS 602 and transmission power of the small BS 604
based on at least one of an AMBR, channel state information, a bandwidth, and a
weight parameter. Depending on an embodiment, the UE 600 may distribute maximum
transmission power using a parameter indicated by the macro BS 602 among the
AMBR, the channel state information, the bandwidth, and the weight parameter. For
example, the macro BS 602 may add a parameter to be used for maximum
transmission power distribution to an RRC message illustrated in Table 2, and transmit
the same to the UE 600.

After that, the UE 600 detects occurrence of a power headroom report trigger event
in operation 630. For example, the UE 600 may detect occurrence of a power
headroom report trigger event based on PHR related control information included in an
RRC message illustrated in Table 2. For another example, the UE 600 may detect at
least one of a path loss change, an MPR, Scell activation, and power back off via a
MAC entity corresponding to at least one BS among two BSs connected via a wireless
link to detect occurrence of an event for triggering a power headroom report. For still
another example, the UE 600 may detect occurrence of an event for triggering a power
headroom report by a periodic power headroom report or reconfiguration of each BS
via a MAC entity corresponding to two BSs. As a more specific example, the UE 600
may detect occurrence of a periodic power headroom report trigger event based on at
least one of a periodic PHR-Timer parameter and a prohibit PHR-Time parameter
included in an RRC message. For further another example, the UE 600 may peri-

odically measure a path loss for each of a plurality of BSs that are being connected to
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calculate a path loss change amount, and in the case where the calculated path loss
change amount is greater than a dl-PathlossChange parameter included in an RRC
message, the UE 600 may detect occurrence of a power headroom report trigger event.

The UE 600 that has detected occurrence of a power headroom report trigger event
performs an adaptive scaling operation that adjusts an initially distributed transmission
power amount on each of the macro BS 602 and the small BS 604 in operation 640. At
this point, the UE 600 may periodically monitor an uplink buffer data amount for a
plurality of BSs that are being connected, and in the case where an uplink buffer data
amount for at least one BS becomes smaller than Buffer Threshold included in an
RRC message, or a state where an uplink buffer data amount for at least one BS that is
being connected is smaller than Buffer Threshold included in an RRC message is
maintained for a time of Buffer-Timer included the RRC message, the UE 600 adjusts
a ratio of transmission power initially distributed to each BS via a static decision
operation. For another example, in the case where an uplink buffer data amount for a
plurality of BSs that are being connected is greater than Buffer Threshold included in
the RRC message but a channel state change amount for at least one BS is equal to or
greater than a threshold set in advance, the UE 600 may adjust a ratio of transmission
power initially distributed to each BS via a static decision operation. Specifically, the
UE 600 may control whole maximum transmission power P,,,, of the UE to be

allocated ( P =P,.x) to only the small BS 604 or may control whole maximum

transmission power P, of the UE to be allocated (P,=P,,,,) to only the macro BS 602
based on a channel state of each BS and a data amount of an uplink buffer. Also, the
UE 600 may adjust a ratio of maximum transmission power distributed to the macro
BS 602 and the small BS 604.

The UE 600 generates a transmission power headroom report message for the macro
BS 602 and the small BS 604 based on the transmission power of the macro BS 602
and the small BS 604 adjusted by the adaptive scaling operation in operation 650. The
UE 600 transmits a relevant power headroom report message to the macro BS 602 and
the small BS 604 in operations 660 and 662. Here, for convenience, a description has
been made to only initial connection setting between the UE 600 and the macro BS
602 in operation 610. However, it is natural that initial connection setting between the
UE 600 and the small BS 604 should be performed before operation 620 (before a
static decision operation is performed) in order to apply the embodiment of the present
disclosure.

FIG. 7A is a flowchart illustrating an operation procedure where a UE distributes and
adjusts maximum transmission power with respect to a plurality of BSs to which UE is

being wirelessly connected, and performs a power headroom report based on this in a
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wireless communication system according to an embodiment of the present disclosure.

Referring to FIG. 7A, the UE 600 performs initial connection setting using an RRC
message in operation 701. At this point, the UE 600 may receive the RRC message
including PHR related control information illustrated in Table 2 from the macro BS
602. Here, for convenience in description, it is assumed that the UE 600 has set
connection with the small cell 602 in advance.

When initial connection setting is completed, the UE 600 calculates a parameter
required for distributing uplink maximum transmission power of the UE in operation
703. For example, the UE may calculate at least one of an AMBR, channel state in-
formation, a bandwidth, and a weight parameter as illustrated in FIG. SA with respect
to each of the macro BS 602 and the small BS 604. Depending on an embodiment, the
UE 600 may determine a maximum transmission power distribution method indicated
by a BS via the RRC message, and calculate at least one parameter corresponding to
the determined maximum transmission power distribution method with respect to the
macro BS 602 and the small BS 604.

In operation 7035, the UE 600 distributes maximum transmission power to a plurality
of BSs that are being connected, that is, the macro BS 602 and the small BS 604 based
on the calculated parameter. For example, the UE 600 may distribute transmission
power to the macro BS 602 and the small BS 604 such that the transmission power is
proportional to AMBRs of the macro BS 602 and the small BS 604. For another
example, the UE 600 may distribute transmission power to the macro BS 602 and the
small BS 604 such that the transmission power is inversely proportional to channel
state information of the macro BS 602 and the small BS 604. For still another example,
the UE 600 may distribute transmission power to the macro BS 602 and the small BS
604 such that the transmission power is proportional to a bandwidth of each of the
macro BS 602 and the small BS 604. For yet another example, the UE 600 may
distribute transmission power with consideration of service costs and the number of si-
multaneous connecting users of the macro BS 602 and the small BS 604.

After that, the UE 600 detects whether an event for triggering a power headroom
report occurs in operation 707. For example, the UE 600 may detect occurrence of a
power headroom report event based on PHR related control information included in an
RRC message illustrated in Table 2. For another example, the UE 600 may detect at
least one of a path loss change, an MPR, Scell activation, and power back off via a
MAC entity corresponding to at least one BS among two BSs connected via a wireless
link to detect an event for triggering a power headroom report. For still another
example, the UE 600 may detect occurrence of an event for triggering a power
headroom report by a periodic power headroom report or reconfiguration for each BS

via a MAC entity corresponding to each of two BSs. For a more specific example, the
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UE 600 may detect occurrence of a periodic power headroom report trigger event
based on at least one of a periodic PHR-Timer parameter and a prohibit PHR-Time
parameter included in an RRC message. For another example, the UE 600 may peri-
odically measure a path loss for each of a plurality of BSs that are being connected to
calculate a path loss change amount, and in the case where the calculated path loss
change amount is greater than a dl-PathlossChange parameter included in an RRC
message, the UE 600 may detect occurrence of a power headroom report trigger event.
The UE 600 that has detected occurrence of the power headroom report trigger event
adjusts transmission power for each BS based on an uplink buffer data amount for each
of a plurality of BSs that are being connected in operation 709. At this point, the UE
600 may periodically monitor an uplink buffer data amount for a plurality of BSs that
are being connected, and in the case where an uplink buffer data amount for at least
one BS becomes smaller than Buffer_Threshold included in an RRC message, or a
state where an uplink buffer data amount for at least one BS that is being connected is
smaller than Buffer_Threshold included in an RRC message is maintained for a time of
Buffer-Timer included the RRC message, the UE 600 adjusts a ratio of transmission
power initially distributed to each BS via a static decision operation. For another
example, in the case where an uplink buffer data amount for a plurality of BSs that are
being connected is greater than Buffer Threshold included in the RRC message but a
channel state change amount for at least one BS is equal to or greater than a threshold
set in advance, the UE 600 may adjust a ratio of transmission power initially dis-
tributed to each BS via a static decision operation. Specifically, the UE 600 may

control whole maximum transmission power P, of the UE to be allocated ( P =P )
5

to only the small BS 604 or may control whole maximum transmission power Pmax of
the UE to be allocated (P,,=P...x) to only the macro BS 602 based on a channel state of
each BS and a data amount of an uplink buffer. Also, the UE 600 may adjust a ratio of
maximum transmission power distributed to the macro BS 602 and the small BS 604.
Here, a method for adjusting transmission power is described in more detail with
reference to FIG. 7C.

In operation 711, the UE 600 generates a transmission power headroom report
message for each of the macro BS 602 and the small BS 604 based on transmission
power adjusted for the macro BS 602 and the small BS 604, and transmits the
generated power headroom report messages to the macro BS 602 and the small BS
604, respectively. After that, the UE 600 returns to operation 707 to re-perform
subsequent operations.

FIG. 7B is a flowchart illustrating an operation procedure of a BS, for receiving a

power headroom report from a UE in a wireless communication system according to
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an embodiment of the present disclosure.

Referring to FIG. 7B, the macro BS 602 performs initial connection with the UE 600
using an RRC message in operation 721. At this point, the RRC message may include
PHR related control information illustrated in Table 2.

After that, the macro BS 602 determines whether a power headroom report message
is received from the UE 600 in operation 723. When the power headroom report
message is received, the macro BS 602 performs uplink scheduling on a relevant UE in
operation 725. For example, the macro BS 602 may estimate uplink maximum
transmission power supportable by an MS based on the power headroom information
of the MS, and perform uplink control such as TPC, an MCS level, a bandwidth, etc.
within a range that does not depart from the estimated uplink maximum transmission
power.

After that, the macro BS 602 transmits uplink scheduling information to the UE 600
in operation 727, and returns to operation 723 to re-perform subsequent operations.

FIG. 7C is a flowchart illustrating a detailed operation procedure where UE adjusts
uplink transmission power distribution for a plurality of BSs to which UE is being
wirelessly connected in a wireless communication system according to an embodiment
of the present disclosure.

Referring to FIG. 7C, the UE 600 determines whether a data amount BSR_m of an
uplink buffer for the macro BS 602 is less than Buffer_Threshold (Thr_2) received via
an RRC message illustrated in Table 2 in operation 751.

If the data amount of the uplink buffer for the macro BS 602 is less than the buffer
threshold Thr_2, the UE 600 may allocate whole maximum transmission power P, of
the UE to the small BS 604 in operation 753. Additionally, the UE 600 measures a
time for which a state where the data amount of the uplink buffer for the macro BS 602
is less than the buffer threshold Thr 2 is maintained, and determines whether the
measured time is equal to or greater than Buffer Timer (Time 3) illustrated in Table 2

to allocate ( P =P,.x) the whole maximum transmission power P, of the UE to the
5

small BS 604.

In contrast, in the case where the data amount of the uplink buffer for the macro BS
602 is equal to or greater than the buffer threshold Thr_2, the UE 600 determines
whether a data amount of an uplink buffer for the small BS 604 is less than the buffer
threshold Thr_2 in operation 755.

If the data amount of the uplink buffer for the small BS 604 is less than the buffer
threshold Thr_2, the UE 600 may allocate the whole maximum transmission power P
max Of the UE to the macro BS 602 in operation 757. Additionally, the UE 600

measures a time for which a state where the data amount of the uplink buffer for the
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small BS 604 is less than the buffer threshold Thr 2 is maintained, and determines
whether the measured time is equal to or greater than Buffer_Timer (Time 3) il-
lustrated in Table 2 to allocate (P,=P,,,,) the whole maximum transmission power
Pmax of the UE to the macro BS 602.

In contrast, in the case where the data amount of the uplink buffer for the small BS
604 is equal to or greater than the buffer threshold Thr_2, that is, in the case where
both the data amount of the uplink buffer for the macro BS 602 and the data amount of
the uplink buffer for the small BS 604 is equal to or greater than the buffer threshold
Thr 2, the UE 600 determines whether channel state information of at least one of the
two BSs changes to a threshold set in advance or more in operation 759. In the case
where channel state information of at least one of the two BSs changes to the threshold
set in advance or more, the UE 600 changes transmission power P, currently dis-

tributed to the macro BS 602 and transmission power P currently distributed to the
5

small BS 604 in operation 761.

In contrast, in the case where channel state information of at least one of the two BSs
does not change to the threshold set in advance or more, the UE 600 determines to
maintain transmission power for each BS without changing the transmission power for
each BS in operation 763.

Though a description has been made of a case where the UE performs a static
decision operation that distributes uplink maximum transmission power of the UE to
respective BSs that are being connected, and an adaptive scaling operation that adjusts
transmission power distributed to respective BSs in FIGS. 5A to 7C, the operation that
distributes the uplink maximum transmission power and/or the operation that adjusts
the transmission power may be performed at a BS.

For example, as illustrated in FIGS. 8§ to 9B, the macro BS performs the static
decision operation, and an MS may perform the adaptive scaling operation. For another
example, as illustrated in FIG. 10, the macro BS may perform both the static decision
operation and the adaptive scaling operation. For still another example, as illustrated in
FIG. 11, the UE may perform the static decision operation, and the macro BS may
perform the adaptive scaling operation.

FIG. 8 is a view illustrating a signal flow where a BS distributes maximum
transmission power of a UE and the UE performs a power headroom report on a
plurality of BSs to which the UE is being wirelessly connected in a wireless commu-
nication system according to an embodiment of the present disclosure.

Referring to FIG. 8, the UE 600 and the macro BS 602 perform initial connection
setting in operation 810. At this point, the macro BS 602 may transmit an RRC

message including PHR related control information illustrated in Table 2 to the UE
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600. After that, the UE 600 estimates a channel for each of the macro BS 602 and the
small BS 604, and feeds back a channel estimated result to the macro BS 602 in
operation 820. For example, the channel estimated result may include an AMBR and
channel state information for each of the macro BS 602 and the small BS 604.

The macro BS 602 that has received the channel estimated result from the UE 600
performs a static decision operation that distributes maximum transmission power of
the UE 600 to the macro BS 602 and the small BS 604 in operation 830. At this point,
as illustrated in FIG. 5A, the macro BS 602 may divide the maximum transmission
power of the UE 600 to transmission power for the macro BS 602 and transmission
power for the small BS 604 based on at least one of an AMBR, channel state in-
formation, a bandwidth, and a weight parameter.

After that, the macro BS 602 transmits transmission power distribution information
for each BS to the UE 600 using an RRC reconfiguration message in operation 840. At
this point, the transmission power distribution information may be expressed as a ratio
of transmission power distributed to the macro BS 602 and transmission power dis-
tributed to the small BS 604. For example, the macro BS 602 may transmit the RRC
reconfiguration message including PHR related control information illustrated in Table
3 below to the UE 600.

Table 3
PHR-Config
setup
periodic PHR-Timer Timer 1
prohibitPHR-Time Time 1
dl-PathlossChange Threshold 1
Pm vs Ps ratio calculated value

Here, PHR-Config means a field including control information related to a PHR in an
RRC message, periodic PHR-Timer means a periodic timer that controls a power
headroom report to be triggered periodically, and prohibit PHR-Time means a time
section that controls a power headroom report not to be controlled. At this point,
prohibit PHR-Time may be set to a measurement time of the prohibit timer. Also, dl-

PathlossChange means a threshold for a path loss, P,,_vs_ Ps_ratio means a ratio of

transmission power distributed to the macro BS 602 and transmission power dis-
tributed to the small BS 604.
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After that, the UE 600 detects occurrence of a power headroom report trigger event
in operation 850. That is, the UE 600 may detect occurrence of a power headroom
report trigger event based on PHR related control information included in an RRC
message illustrated in Table 2. Here, since an operation where the UE 600 detects oc-
currence of a power headroom report trigger event is the same as operation 630, a
detailed description thereof is omitted.

The UE 600 that has detected occurrence of a power headroom report trigger event
performs an adaptive scaling operation of adjusts transmission power initially dis-
tributed to the macro BS 602 and the small BS 604 in operation 860. At this point, the
UE 600 may control whole maximum transmission power P, of the UE to be

allocated ( P =P,..x) to only the small BS 604 or may control whole maximum
5

transmission power P, of the UE to be allocated (P,=P,,,,) to only the macro BS 602
based on a channel state of each BS and a data amount of an uplink buffer. Also, the
UE 600 may adjust a ratio of maximum transmission power distributed to the macro
BS 602 and the small BS 604.

The UE 600 generates a transmission power headroom report message for the macro
BS 602 and the small BS 604 based on the transmission power of the macro BS 602
and the small BS 604 adjusted by the adaptive scaling operation in operation 870. The
UE 600 transmits a relevant power headroom report message to the macro BS 602 and
the small BS 604 in operations 890 and §92.

Here, for convenience, a description has been made of only initial connection setting
between the UE 600 and the macro BS 602 in operation 8§10. However, it is natural that
initial connection setting between the UE 600 and the small BS 604 should be
performed before operation §20 (before the UE 600 estimates a channel for a plurality
of BSs) in order to apply the embodiment of the present disclosure.

FIG. 9A is a flowchart illustrating an operation procedure where a UE performs a
power headroom report on a plurality of BSs to which the UE is being wirelessly
connected based on maximum transmission power distribution information received
from a BS in a wireless communication system according to an embodiment of the
present disclosure.

Referring to FIG. 9A, the UE 600 performs initial connection setting with the macro
BS 602 using an RRC message in operation 901. At this point, the UE 600 may receive
an RRC message including PHR related control information illustrated in Table 2 from
the macro BS 602. Here, for convenience in description, it is assumed that the UE 600
has set connection with the small cell 602 in advance.

When the initial connection setting is completed, the UE 600 estimates a channel for
the macro BS 602 and the small BS 604 in operation 903, and feeds back the estimated
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results. Here, the UE 600 may calculate at least one parameter required for distributing
uplink maximum transmission power of the UE via channel estimation, and feed back
the channel estimated result including the calculated at least one parameter to the
macro BS 602.

In operation 905, the UE 600 determines whether transmission power distribution in-
formation is received via an RRC reconfiguration message illustrated in Table 3. In the
case where the transmission power distribution information is received via the RRC re-
configuration message, the UE 600 distributes maximum transmission power of the UE
600 to the macro BS 602 and the small BS 604 based on the transmission power dis-
tribution information in operation 907. For example, in the case where maximum
transmission power of the UE 600 is 200 mW and the transmission power distribution
information is “Pm:Ps=1:4", the UE 600 may allocate transmission power of 40 mW to
the macro BS 600 and allocate transmission power of 160 mW to the small BS 604.

After that, the UE 600 detects whether an event for triggering a power headroom
report occurs in operation 909. For example, the UE 600 may detect occurrence of a
power headroom report trigger event based on PHR related control information
included in an RRC message illustrated in Table 2. For another example, the UE 600
may detect at least one of a path loss change, an MPR, Scell activation, and power
back off via a MAC entity corresponding to at least one BS among two BSs connected
via a wireless link to detect occurrence of an event for triggering a power headroom
report. For another example, the UE 600 may detect occurrence of an event for
triggering a power headroom report by periodic power headroom report or recon-
figuration for each BS via a MAC entity corresponding to each of two BSs. For a more
specific example, the UE 600 may detect occurrence of a periodic power headroom
report trigger event based on at least one of a periodic PHR-Timer parameter and a
prohibit PHR-Time parameter included in an RRC message. For still another example,
the UE 600 may periodically measure a path loss for each of a plurality of BSs that are
being connected to calculate a path loss change amount, and in the case where the
calculated path loss change amount is greater than dI-PathlossChange parameter
included in the RRC message, the UE 600 may detect occurrence of a power headroom
report trigger event.

The UE 600 that has detected occurrence of a power headroom report trigger event
adjusts transmission power for each BS based on an uplink buffer data amount of each
of the plurality of BSs that are being connected in operation 911. At this point, the UE
600 may periodically monitor an uplink buffer data amount for a plurality of BSs that
are being connected, and in the case where an uplink buffer data amount for at least
one BS becomes smaller than Buffer_Threshold included in an RRC message, or a

state where an uplink buffer data amount for at least one BS that is being connected is
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smaller than Buffer_Threshold included in an RRC message is maintained for a time of
Buffer-Timer included the RRC message, the UE 600 adjusts a ratio of transmission
power initially distributed to each BS via a static decision operation. For another
example, in the case where an uplink buffer data amount for a plurality of BSs that are
being connected is greater than Buffer Threshold included in the RRC message but a
channel state change amount for at least one BS is equal to or greater than a threshold
set in advance, the UE 600 may adjust a ratio of transmission power initially dis-
tributed to each BS via a static decision operation. Specifically, the UE 600 may

control whole maximum transmission power P, of the UE to be allocated ( P =P )
5

to only the small BS 604 or may control whole maximum transmission power Pmax of
the UE to be allocated (P,,=P...x) to only the macro BS 602 based on a channel state of
each BS and a data amount of an uplink buffer. Also, the UE 600 may adjust a ratio of
maximum transmission power distributed to the macro BS 602 and the small BS 604.
Here, a method for adjusting transmission power may be the same as that described in
FIG. 7C.

In operation 913, the UE 600 generates a transmission power headroom report
message for each of the macro BS 602 and the small BS 604 based on transmission
power adjusted for each of the macro BS 602 and the small BS 604, and transmits the
generated power headroom report messages to the macro BS 602 and the small BS
604, respectively. After that, the UE 600 returns to operation 909 to re-perform
subsequent operations.

FIG. 9B is a flowchart illustrating an operation procedure where a BS distributes
maximum transmission power of a UE and receives power headroom report in a
wireless communication system according to an embodiment of the present disclosure.

Referring to FIG. 9B, the macro BS 602 performs initial connection with the UE 600
using an RRC message in operation 921. At this point, the RRC message may include
PHR related control information illustrated in Table 2.

After that, the macro BS 602 may receive a channel estimated result from UE in
operation 923. At this point, the channel estimated result may include at least one
parameter required for distributing uplink maximum transmission power of the UE.
The macro BS 602 may calculate an additional parameter required for distributing
uplink maximum transmission power of the UE in operation 925. For example, the
macro BS 602 may receive an AMBR and channel state information for each BS from
the UE 600, and directly calculate a bandwidth and/or weight for each BS. At this
point, the macro BS 602 may calculate a bandwidth and/or weight for the small BS 604
based on a channel estimated result received from the UE 600, and calculate a

bandwidth and weight via advance information exchange with the small BS 604.
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[183]

In operation 927, the macro BS 602 distributes maximum transmission power of the
UE to a plurality of BSs to which the relevant US is being connected, that is, the
macron BS 602 and the small BS 604 based on the calculated parameter. Here, a
method for distributing the maximum transmission power may be the same as the static
decision method.

After that, the macro BS 602 transmits transmission power distribution information
to the UE in operation 929. At this point, the macro BS 602 may incorporate the
transmission power distribution information into an RRC message illustrated in Table
3 and transmit the same.

After that, the macro BS 602 determines whether a power headroom report message
is received from the UE in operation 931. When receiving a power headroom report
message, the macro BS 602 performs uplink scheduling for the relevant UE in
operation 933. For example, the macro BS 602 may estimate uplink maximum
transmission power supportable by the UE based on power headroom information of
the UE, and perform uplink control such as TPC, an MCS level, a bandwidth, etc.
within a range that does not depart from the estimated uplink maximum transmission
power.

After that, the macro BS 602 transmits uplink scheduling information to the UE 600
in operation 935, and returns to operation 931 to re-perform subsequent operations.

FIG. 10 is a view illustrating an operation procedure where a BS distributes and
adjusts maximum transmission power of a UE, and the UE performs a power
headroom report on a plurality of BSs to which the UE is being wirelessly connected
based on this in a wireless communication system according to an embodiment of the
present disclosure.

Referring to FIG. 10, the UE 600 and the macro BS 602 perform initial connection
setting in operation 1010. At this point, the macro BS 602 may transmit an RRC
message including PHR related control information illustrated in Table 2 to the UE
600. After that, the UE 600 estimates a channel for each of the macro BS 602 and the
small BS 604, and feeds back a channel estimated result to the macro BS 602 in
operation 1020. For example, the channel estimated result may include an AMBR and
channel state information for each of the macro BS 602 and the small BS 604.

The macro BS 602 that has received the channel estimated result from the UE 600
performs a static decision operation that distributes maximum transmission power of
the UE 600 to the macro BS 602 and the small BS 604 in operation 1030. At this point,
as illustrated in FIG. 5A, the macro BS 602 may divide the maximum transmission
power of the UE 600 to transmission power for the macro BS 602 and transmission
power for the small BS 604 based on at least one of an AMBR, channel state in-

formation, a bandwidth, and a weight parameter.
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Meanwhile, the UE 600 detects occurrence of a power headroom report trigger event
in operation 1040. That is, the UE 600 may detect occurrence of a power headroom
report trigger event based on PHR related control information included in an RRC
message illustrated in Table 2. Here, since an operation of detecting occurrence of a
power headroom report trigger event is the same as operation 630, a detailed de-
scription thereof is omitted.

The UE 600 that has detected occurrence of a power headroom report trigger event
performs channel estimation for each of the macro BS 602 and the small BS 604 to
transmit the channel estimated results to the macro BS 602, and transmits a buffer state
report message representing a data amount of an uplink buffer for each of the macro
BS 602 and the small BS 604 to the macro BS 602 in operation 1050.

After that, the macro BS 602 performs an adaptive scaling operation that adjusts an
initially distributed transmission power amount in operation 1060. At this point, the
macro BS 602 may control whole maximum transmission power P,,,, of the UE to be

allocated ( P =P,.x) to only the small BS 604 or may control whole maximum
5

transmission power P, of the UE to be allocated (P,=P,,,,) to only the macro BS 602
based on the channel estimated results and a buffer state report message received from
the UE 600. Also, the macro BS 602 may adjust a ratio of maximum transmission
power distributed to the macro BS 602 and the small BS 604 based on the channel
estimated results and a buffer state report message received from the UE 600.

In operation 1070, the macro BS 602 transmits information regarding transmission
power of each of the macro BS 602 and the small BS 604 adjusted by the adaptive
scaling operation to the UE 600. At this point, the information regarding transmission
power of each of the macro BS 602 and the small BS 604 may be transmitted via an
RRC message.

In operation 1080, the UE 600 generates a transmission power headroom report
message for the macro BS 602 and the small BS 604 based on the received
transmission power information of each of the macro BS 602 and the small BS 604.
The UE 600 transmits relevant power headroom report messages to the macro BS 602
and the small BS 604, respectively, in operations 1090 and 1092.

Here, for convenience, a description has been made of only initial connection setting
between the UE 600 and the macro BS 602 in operation 1010. However, it is natural
that initial connection setting between the UE 600 and the small BS 604 should be
performed before operation 1020 (before a static decision operation is performed) in
order to apply the embodiment of the present disclosure.

FIG. 11 is a view illustrating an operation procedure where a BS distributes and

adjusts maximum transmission power of a UE, and the UE performs a power
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headroom report on a plurality of BSs to which the UE is being wirelessly connected
based on this in a wireless communication system according to an embodiment of the
present disclosure.

Referring to FIG. 11, the UE 600 and the macro BS 602 perform initial connection
setting in operation 1110. At this point, the macro BS 602 may transmit an RRC
message including PHR related control information illustrated in Table 2 to the UE
600.

When initial connection setting is completed, the UE 600 performs a static decision
operation that distributes maximum transmission power of the UE 600 to a macro BS
602 and a small BS 604 that are being connected in operation 1120. At this point, as il-
lustrated in FIG. 5A, the UE 600 may distribute maximum transmission power to
transmission power of the macro BS 602 and transmission power of the small BS 604
based on at least one of an AMBR, channel state information, a bandwidth, and a
weight parameter. Depending on an embodiment, the UE 600 may distribute maximum
transmission power using a parameter indicated by the macro BS 602 among the
AMBR, the channel state information, the bandwidth, and the weight parameter. For
example, the macro BS 602 may add a parameter to be used for maximum
transmission power distribution to an RRC message illustrated in Table 2, and transmit
the same to the UE 600.

After that, the UE 600 detects occurrence of a power headroom report trigger event
in operation 1130. For example, the UE 600 may detect occurrence of a power
headroom report trigger event based on PHR related control information included in an
RRC message illustrated in Table 2. Here, since an operation where the UE 600 detects
occurrence of a power headroom report trigger event is the same as operation 630, a
detailed description thereof is omitted.

The UE 600 that has detected occurrence of a power headroom report trigger event
performs channel estimation for each of the macro BS 602 and the small BS 604 to
transmit the channel estimated results to the macro BS 602, and transmits a buffer state
report message representing a data amount of an uplink buffer for each of the macro
BS 602 and the small BS 604 to the macro BS 602. Additionally, the UE 600 may
transmit transmission power distribution information for the macro BS 602 and the
small BS 604 to the macro BS 602 in operation 1140.

After that, the macro BS 602 performs an adaptive scaling operation that adjusts an
initially distributed transmission power amount in operation 1150. At this point, the
macro BS 602 may control whole maximum transmission power P,,,, of the UE to be

allocated ( P =P,.x) to only the small BS 604 or may control whole maximum
5

transmission power P, of the UE to be allocated (P,=P,,,,) to only the macro BS 602
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based on the channel estimated results and a buffer state report message received from
the UE 600. Also, the macro BS 602 may adjust a ratio of maximum transmission
power distributed to the macro BS 602 and the small BS 604 based on the channel
estimated results and a buffer state report message received from the UE 600.

In operation 1160, the macro BS 602 transmits information for transmission power of
each of the macro BS 602 and the small BS 604 adjusted by the adaptive scaling
operation to the UE 600. At this point, the information for transmission power of each
of the macro BS 602 and the small BS 604 may be transmitted via an RRC message.

In operation 1170, the UE 600 generates a transmission power headroom report
message for the macro BS 602 and the small BS 604 based on received transmission
power information of the macro BS 602 and the small BS 604. The UE 600 transmits a
relevant power headroom report message to each of the macro BS 602 and the small
BS 604 in operations 1180 and 1182.

Here, for convenience, a description has been made of initial connection setting
between the UE 600 and the macro BS 602 in operation 1110. However, it is natural
that initial connection setting between the UE 600 and the small BS 604 should be
performed before operation 1120 (before a static decision operation is performed) in
order to apply the embodiment of the present disclosure.

Additionally, in the embodiments of FIGS. 6 to 11, the transmission power headroom
report message may be generated to include both transmission power information of a
macro BS and transmission power information of a small BS, and may be generated to
include only transmission power information of one of the macro BS 602 and the small
BS 604. Also, the UE may transmit a transmission power headroom report message
including information for transmission power of the macro BS to the macro BS, and
transmit a transmission power headroom report message including information for
transmission power of the small BS to the small BS. Likewise, the UE may transmit a
transmission power headroom report message including information for transmission
power of the small BS to the small BS, and transmit a transmission power headroom
report message including information for transmission power of the macro BS to the
small BS.

FIG. 12 is a block diagram illustrating a UE and a BS forming a wireless commu-
nication system according to an embodiment of the present disclosure.

As illustrated in FIG. 12, the UE 1200 is connected to a plurality of BSs 1250-1,
1250-2 to 1250-1.

Particularly, the UE 1200 may include a downlink receiver 1202, a trigger prohibit
unit 1204, a power headroom report generator 1206, and an uplink transmitter 1208.
Each of the BSs 1250-1 to 1250-1 may include an uplink receiver 1252, an RRC
generator 1254, a scheduler 1256, and a downlink transmitter 1258.
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First, construction of the UE 1200 is described. The downlink receiver 1202 of the
UE forms a wireless connection link with the plurality of BSs 1250-1 to 1250-i. The
downlink receiver 1202 may receive an uplink grant representing uplink scheduling in-
formation from the plurality of BSs 1250-1 to 1250-1, and receive an RRC message
from the plurality of BSs 1250-1 to 1250-i. Particularly, the downlink receiver 1202
may receive an RRC message illustrated in Table 1, Table 2, or Table 3 from at least
one BS.

The trigger prohibit unit 1204 blocks triggering of a power headroom report of the
UE 1200. That is, the trigger prohibit unit 1204 may set a prohibit timer using pro-
hibitPHR-Time included in an RRC message, and control a power headroom report not
to be triggered while the prohibit timer operates. When the blocking timer expires, the
trigger blocking unit 1204 detects an opportunity that may trigger a power headroom
report is generated, and detects whether a power headroom report trigger event occurs.
For example, the trigger prohibit unit 1204 may extract PHR related control parameters
from an RRC message, and detect whether an event for triggering a power headroom
report occurs based on the extracted parameters. For another example, the trigger
prohibit unit 1204 may detect at least one of a path loss change, an MPR, Scell ac-
tivation, and power back off via a MAC entity corresponding to at least one BS among
a plurality of BSs whose wireless link with the UE 1200 has been formed to detect an
event for triggering a power headroom report. For another example, the trigger prohibit
unit 1204 may detect occurrence of an event for triggering a power headroom report by
periodic power headroom report or reconfiguration for each BS via a MAC entity cor-
responding to a plurality of BSs.

When occurrence of an event for triggering a power headroom report is detected by
the trigger prohibit unit 1204, the power headroom report generator 1206 may generate
a power headroom report message. When a power headroom is changed by a threshold
or more by uplink scheduling of a specific BS among a plurality of BSs to which the
UE 1200 is being connected, the power headroom report generator 1206 controls a
function for generating a power headroom report message representing the changed
power headroom to transmit the same to at least one different BS. Also, the power
headroom report generator 1206 may perform a static decision operation that dis-
tributes maximum transmission power of the UE 1200 to each of the plurality of BSs
that are being connected, and perform an adaptive scaling operation of adjusting
transmission power distributed to each of the plurality of BSs. Here, the static decision
operation and the adaptive scaling operation may be performed as illustrated in FIGS.
SA to 11. The power headroom report generator 1206 may generate a power headroom
report message for each of the plurality of BSs based on transmission power of each of

the plurality of BSs adjusted by the adaptive scaling operation.
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The uplink transmitter 1208 forms a wireless link with the plurality of BSs 1250-1 to
1250-i. The uplink transmitter 1208 may report a channel estimated result of each of
the plurality of BSs 1250-1 to 1250-1 to a specific BS, and transmit a power headroom
report message to each of the plurality of BSs 1250-1 to 1250-1. Additionally, the
uplink transmitter 1208 may transmit a buffer state report message representing a data
amount of an uplink buffer for the plurality of BSs 1250-1 to 1250-i to a specific BS.

Next, the construction of each of the plurality of BSs 1250-1 to 1250-1 is described.
First, the uplink receiver 1252 forms a wireless connection link with the UE 1200. The
uplink receiver 1252 may receive a channel estimated result for each of the plurality of
BSs 1250-1 to 1250-1 from the UE 1200, and receive a power headroom report
message for the BS itself. Additionally, the uplink receiver 1252 may receive a buffer
state report message representing a data amount of an uplink buffer for each of the
plurality of BSs 1250-1 to 1250-i from the UE 1200.

The RRC generator 1254 generates an RRC message for connection with the UE
1200. Particularly, according to the present disclosure, the RRC generator 1254 may
generate an RRC message illustrated in Table 1, Table 2, or Table 3.

The scheduler 1256 performs scheduling for the UE based on a power headroom
report message. Also, the scheduler 1256 may perform a static decision operation that
distributes maximum transmission power of the UE 1200 to each of the plurality of
BSs to which the relevant UE 1200 is being connected, and perform an adaptive
scaling operation of adjusting transmission power distributed to each of the plurality of
BSs. Here, the static decision operation and the adaptive scaling operation may be
performed as illustrated in FIGS. 5A to 11.

The downlink transmitter 1258 forms a wireless connection link with the UE 1200.
The downlink transmitter 1258 may transmit an uplink grant representing a scheduling
result of the scheduler 1256 for the relevant UE 1200, and transmit an RRC message
generated by the RRC generator 1254.

Though the downlink receiver and the uplink transmitter of each of the UE and the
BS have been described separately, this is exemplary for convenience in description,
and the downlink receiver and the uplink transmitter may be configured as one
transceiver. Also, the trigger prohibit unit 1204 and the power headroom report
generator 1206 of the UE may be configured in one module (for example, a power
headroom report controller). Also, the RRC setting unit 1254 and the scheduler 1256
of the BS may be configured as one module.

An embodiment of the present disclosure relates to uplink power headroom report of
the UE in a wireless communication system where one UE supports transmission links
for a plurality of BSs, simultaneously. Since a separate delay does not occur in

connection with transmission of power headroom report, performance deterioration
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due to this may be prevented, and uplink transmission power of the UE may be ef-
ficiently distributed and used based on a channel state and an uplink data amount for
each of the plurality of BSs.

While the present disclosure has been shown and described with reference to various
embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the spirit and
scope of the present disclosure as defined by the appended claims and their

equivalents.
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Claims
A method for controlling uplink power of a User Equipment (UE)

forming a transmission link with a plurality of Base Stations (BSs) in a
wireless communication system, the method comprising:

detecting a power headroom report trigger event by at least one of the
plurality of BSs; and

reporting power headroom information of the UE to at least one of the
plurality of BSs.

The method of claim 1, wherein the at least one BS to which the power
headroom information is reported comprises a BS corresponding to the
power headroom report trigger event and at least one of other BSs not
corresponding to the power headroom report trigger event.

The method of claim 1, wherein the detecting of the power headroom
report trigger event comprises:

detecting the power headroom report trigger event based on at least one
of a periodic timer, a trigger prohibit timer, reconfiguration, and an
uplink buffer data amount of at least one of the plurality of BSs.

The method of claim 1, wherein the detecting of the power headroom
report trigger event by at least one of the plurality of BSs comprises:
detecting whether the condition related to power headroom which
affects uplink scheduling of at least one of the plurality of BSs is
changed,

wherein whether the condition related to power headroom is changed is
detected based on at least one of a path loss change, a P-Maximum
Power Reduction (MPR), Scell Activation, and a power back off
change.

The method of claim 3, further comprising:

receiving a condition for detecting the power headroom report trigger
event from at least one of the plurality of BSs,

wherein a parameter for the detecting condition is the same for all of
the plurality of BSs or different for each BS, and the parameter for the
detecting condition is obtained from an RRC connection message
received from a P cell BS due to occurrence of at least one of RRC
connection setup, RRC connection reconfiguration, and RRC
connection reestablishment.

The method of claim 1, further comprising:

distributing maximum transmission power of the UE to each of the
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plurality of BSs; and

when detecting the power headroom report trigger event, adjusting
transmission power distributed to each of the plurality of BSs to
determine a power headroom of the UE for at least one BS.

The method of claim 6, wherein the maximum transmission power of
the UE is distributed based on at least one of Aggregated Maximum Bit
Rate (AMBR), a path loss, a channel state, a bandwidth, rarity of a
resource, the number of connected UEs, and weight,

wherein the distributed transmission power is adjusted based on a data
amount of an uplink buffer and channel state information.

The method of claim 6, wherein the distributing of the maximum
transmission power of the UE to each of the plurality of BSs comprises:
receiving maximum transmission power distribution information of the
UE for the plurality of BSs from at least one of the plurality of BSs.

A method of a Base Station (BS), for controlling uplink power of a
User Equipment (UE) forming a transmission link with a plurality of
BSs in a wireless communication system, the method comprising:
transmitting a message comprising at least one parameter related to
power headroom information report to the UE during a procedure of
forming a transmission link with the UE; and

receiving a message reporting power headroom information from the
UE,

wherein the message reporting the power headroom information is
received by a power headroom report trigger by at least one of the
plurality of BSs.

The method of claim 9, further comprising:

transmitting a condition for detecting a power headroom report trigger
event to the UE,

wherein the condition for detecting the power headroom report trigger
event is the same for all of the plurality of BSs or different for each BS.
An apparatus for controlling uplink power of a User Equipment (UE)
forming a transmission link with a plurality of Base Stations (BSs) in a
wireless communication system, the apparatus comprising:

a transceiver configured to form the transmission link with the plurality
of BSs to transmit/receive a signal; and

a power headroom report controller configured to detect a power
headroom report trigger event by at least one of the plurality of BSs,

and control to report power headroom information of the UE to at least
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one of the plurality of BSs.

[Claim 12] The apparatus of claim 11, wherein the at least one BS to which the
power headroom information is reported comprises a BS corresponding
to the power headroom report trigger event and at least one of other
BSs not corresponding to the power headroom report trigger event.

[Claim 13] The apparatus of claim 11, the apparatus arranged to implement a
method of one of claims 3 to 8.

[Claim 14] An apparatus of a Base Station (BS), for controlling uplink power of a
User Equipment (UE) forming a transmission link with a plurality of
BSs in a wireless communication system, the apparatus comprising:

a transceiver configured to form a transmission link with the UE to
transmit/receive a signal; and

a scheduler configured to control transmit a message comprising at
least one parameter related to power headroom information report to
the UE while performing a procedure for forming a transmission link
with the UE, and receive a message reporting power headroom in-
formation from the UE via the transceiver,

wherein the message reporting the power headroom information is
received by a power headroom report trigger by at least one of the
plurality of BSs.

[Claim 15] The apparatus of 14, wherein the scheduler is further configured to
control to transmit a condition for detecting a power headroom report
trigger event to the UE, and the condition for detecting the power
headroom report trigger event is the same for all of the plurality of BSs
or different for each BS.
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[Fig. 11]

18/19

600 602
MACROCELL
UE eNB
SET INITIAL CONNECTION
(1110)
o3 v
STATIC DECISION
AMBR, CSI, BW,
WEIGHTING FUNCTION
(1020)
l
PHR EVENT OCCUR (1130)
CHANNEL FEEDBACK,BSR
(1140)
ADAPTIVE SCALING
CSI,BSR (1150)
Pm, Ps (1160)
GENERATE PHR
BASED ON RECEIVED
Pm AND Ps {1170)
PHR(PH OF OTHER eNB)
(1180)

PHR

» (PH OF SMALL CELL) (1 182))

PCT/KR2014/003969

604

SMALL CELL
eNB




19/19

PCT/KR2014/003969

WO 2014/178690

[Fig. 12]

WOOHAY3IH
g4IMOd 140d3d

(1-0621)
() S8 <
(2-0521)
(2) S8 <
(1-0521)
(1) sg
1INN H3AI3034
ONIL13S D4y MNNdN
ﬁH A 25217
Y3LLINSNYYL
431NQ3HOS | ININIOA
9521/ 85g1/

INVHO MNINdN
140434 0dY

(0021)3N
HOLVY3INID
HILLINSNYYL 1H0d3y
YNITdN WOOHOY3H
43MOd
8021/ 9021/
H3AI303H o LINN Y0018
> MNIINAMOQ 4399141
2021/ 0217




International application No.
PCT/KR2014/003969

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER
HO4W 52/38(2009.01)i, HO4W 52/14(2009.01)i, HO4W 24/10(2009.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO04W 52/38; HO4W 24/10;, HO4W 52/04; HO4W 72/04, HO4W 72/10, HO4W 52/14

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KTIPO internal) & Keywords:power headroom, report, trigger, uplink, reconfiguration, timer

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2013-0070716 A1 (KI BUM KWON et al.) 21 March 2013 1,3,4,9,10,11,13
See abstract; paragraphs [0108]-[0124]; claims 1,17; and figures 10,14. , 14,15

A 2,5-8,12

X EP 2575390 A1 (HUAWEI TECHNOLOGIES CO., LTD.) 03 April 2013 1,9,11,14
See abstract; paragraphs [0028]-[0040]; and figures 2,3.

A US 2011-0105173 A1 (HAIM JOHN W. et al.) 05 May 2011 1-15
See abstract; paragraphs [0128]-[0130]; and figures 2-5.

A US 2010-0232382 Al (GAUVREAU JEAN-LOUIS et al.) 16 September 2010 1-15
See paragraphs [0036]-[0041],[0055]-[0061]; figures 7,8.

A US 2013-0039314 A1 (BASU MALLICK PRATEEK et al.) 14 February 2013 1-15
See abstract; paragraphs [0032]1-[0040]; and figures 1,2

|:| Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents:
"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L"  document which may throw doubts on priotity ¢claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, nse, exhibition or other
means

"P"  document published prior to the international filing date but later

than the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory undetlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents,such combination
being obvious to a person skilled in the art

document member of the same patent family

'

myn

ng"

Date of the actual completion of the international search

29 August 2014 (29.08.2014)

Date of mailing of the international search report

29 August 2014 (29.08.2014)

Name and mailing address of the [ISA/KR
International Application Division

« Korean Intellectual Property Office

¥ 189 Cheongsa-ro, Seo-gu, Dagjeon Metropolitan City, 302-701,
Republic of Korea

Facsimile No, +82-42-472-7140

Authorized officer

KO, Yeon Hwa

Telephone No. +82-42-481-8569

Form PCT/ISA/210 (second sheet) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/KR2014/003969

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2013-0070716 Al 21/03/2013 KR 10-2011-0137983 A 26/12/2011
WO 2011-159122 A2 22/12/2011
WO 2011-159122 A3 18/05/2012

EP 2575390 Al 03/04/2013 AU 2011-269493 Al 17/01/2013
CN 12300307 A 28/12/2011
EP 2575390 A4 08/05/2013
JP 2013-531433A 01/08/2013
KR 10-2013-0031883 A 29/03/2013
US 2013-114457 Al 09/05/2013
WO 2011-160528 Al 29/12/2011

US 2011-0105173 Al 05/05/2011 AU 2010-300447 Al 26/04/2012
CN 102577541 A 11/07/2012
EP 2484164 A2 08/08/2012
EP 2484164 Bl 16/07/2014
JP 05-555326 B2 23/07/2014
JP 2013-507069 A 28/02/2013
KR 10-2012-0085274 A 31/07/2012
MX 2012003894 A 25/07/2012
TW 201136393 A 16/10/2011
WO 2011-041666 A2 07/04/2011
WO 2011-041666 A3 08/12/2011

US 2010-0232382 Al 16/09/2010 AR 075853A1 04/05/2011
CN 102349342 A 08/02/2012
CN 102349342 B 26/02/2014
CN 103716142 A 09/04/2014
CN 103716892 A 09/04/2014
EP 2406999 A2 18/01/2012
EP 2675231 A2 18/12/2013
EP 2675232 A2 18/12/2013
JP 05-453462 B2 26/03/2014
JP 2012-520616 A 06/09/2012
JP 2014-068399 A 17/04/2014

KR 10-2011-0135864 A 19/12/2011
KR 10-2012-0031097 A 29/03/2012

RU 2011141277 A 20/04/2013
TW 201129187 A 16/08/2011
TW 201404223 A 16/01/2014
WO 2010-104957 A2 16/09/2010
WO 2010-104957 A3 28/04/2011
US 2013-0039314 Al 14/02/2013 AU 2011-233851 Al 29/11/2012
CN 102918914 A 06/02/2013
EP 2554008 A2 06/02/2013
JP 05-457604 B2 02/04/2014
JP 2013-528009 A 04/07/2013

KR 10-2015-0024906 A 08/03/2013

Form PCT/ISA/210 (patent family annex) (July 2009)



INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/KR2014/003969
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2011-122904 A2 06/10/2011
WO 2011-122904 A3 26/01/2012

Form PCT/ISA/210 (patent family annex) (July 2009)



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings
	Page 64 - drawings
	Page 65 - wo-search-report
	Page 66 - wo-search-report
	Page 67 - wo-search-report

