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Description
Title of Invention: POWER HEADROOM REPORTING METHOD

AND DEVICE FOR WIRELESS COMMUNICATION SYSTEM
Technical Field

[1] The present invention relates generally to wireless communication systems, and more

particularly, to the reporting of Power Headroom(PH) from a User Equipment(UE) in a

wireless communication system that supports carrier aggregation.

Background Art
[2] Mobile communication systems were originally designed to provide users with voice

communication services while they are on the move. Current mobile communication

systems are capable of supporting both voice communication services and data com

munication services for mobile users.

[3] Standardization for a next generation of mobile communication technology for the

3rd Generation Partnership Project(3GPP) is being conducted for Long Term

Evolution(LTE). LTE is a broadband packet-based communication technology that is

expected to provide download speeds that improve upon existing data transmission

rates by up to 100 Megabytes/second(Mbps). In attempting to achieve such a high data

rate, studies have been conducted that use a minimum number of nodes in connection

with a simplified network topology, and that place a radio protocol as close as possible

to radio channels.

[4] FIG. 1 is a diagram illustrating an LTE wireless communication system.

[5] The LTE wireless communication system includes a plurality of Evolved Node

Bs(ENBs) 105, 110, 115 and 120, a Mobility Management Entity(MME) 125, and a

Serving Gateway(S-GW) 130. ENBs 105, 110, 115 and 120 are coupled to the S-GW

130, enabling a UE 135 to connect to a core network. The ENBs 105, 110, 115 and 120

correspond to Node Bs of a Universal Mobile Telecommunications System(UMTS)

and perform more complex functions than those of a legacy Node B. In the LTE

system, all user traffic, including real time services such as Voice over Internet

Protocol(VoIP), are provided through a shared channel. Each of the ENBs 105, 110,

115 and 120 manage one or more cells, and are responsible for the collection of status

information from UEs and for the scheduling of traffic.

[6] In order to support transmission bandwidths of up to 20 megahertz(MHz), LTE

employs Orthogonal Frequency Division Multiplexing(OFDM) as its basic modulation

scheme. LTE also uses Adaptive Modulation and Coding(AMC) to improve data

throughput. AMC varies downlink modulation and coding schemes based on channel

conditions for each UE. The S-GW 130 is responsible for managing data bearers and



establishes or releases data bearers under the control of the MME 125. The MME 125

is in communication with the S-GW 130 and is responsible for control plane functions.

[7] FIG. 2 is a diagram illustrating a user plane protocol stack for use in the LTE ar

chitecture of FIG. 1.

[8] A mobile terminal, or UE, 200 has a protocol stack having a Packet Data Con

vergence Protocol(PDCP) layer 205, a Radio Link Control(RLC) layer 210, a Media

Access Control (MAC) layer 215, and a Physical(PHY) layer 220. A base station, or

ENB, 201 has a protocol stack having a PDCP layer 240, an RLC layer 235, a MAC

layer 230, and a PHY layer 225. The PDCP layers 205 and 240 are responsible for

Internet Protocol(IP) header compression/decompression. The RLC layers 210 and 235

pack the PDCP Packet Data Units(PDUs) into a size appropriate for transmission and

perform an Automatic Repeat reQuest(ARQ) function. The MAC layers 215 and 230

serve multiple RLC layer entities. These layers are capable of multiplexing the RLC

PDUs into a MAC PDU, and demultiplexing the MAC PDU into the RLC PDUs. The

PHY layers 220 and 225 perform encoding and modulation on upper layer data for

transmission through a radio channel, and perform demodulation and decoding on the

OFDM symbol received through the radio channel for delivery to upper layers. A data

unit that is input to a protocol entity is referred to as a Service Data Unit(SDU) and a

data unit that is output from the protocol entity is referred to as a Protocol Data Unit.

[9] A voice communication service of a wireless communication system requires a

relatively small amount of dedicated bandwidth. However, a data communication

service must allocate resources in consideration of a data amount and a channel

condition so that transmission throughput may increase. Thus, a mobile commu

nication system is provided with a scheduler that manages resource allocation with

respect to available resources, channel conditions, an amount of transmission data, etc.

Resource scheduling is also required in LTE, and a scheduler that is incorporated into a

base station, or ENB, is used to manage radio transmission resources.

[10] In order to meet International Mobile Telephony (IMT)- Advanced requirements that

extend beyond those of IMT-2000, further technological advancements have allowed

for the evolution of LTE into LTE-Advanced(LTE-A). LTE- A is provided with tech

nological components, such as carrier aggregation, to fulfill the IMT- Advanced re

quirements. Carrier aggregation aggregates multiple carriers to form a larger

bandwidth, thereby allowing a UE to transmit and receive data at higher data rates.

[11] FIG. 3 is a schematic diagram illustrating an LTE- A wireless communication system

supporting carrier aggregation.

[12] An ENB 305 operates on two different carriers 310 and 315, having center fre

quencies of f3 and f 1, respectively. A conventional wireless communication system

allows a UE 330 to communicate with the ENB 305 using only one of carriers 310 and



315. However, the LTE-A system supporting carrier aggregation enables the UE 330 to

use both carriers 310 and 315 in order to increase transmission throughput. The

maximum data rate between the ENB 305 and the UE 330 increases in proportion to

the number of carriers that are aggregated.
[13] Due to the fact that uplink transmissions cause inter-cell interference, it is preferable

for a UE to calculate an uplink transmission power using a predetermined function, and

to control uplink transmission based on the calculation. The predetermined function

may utilize variables such as an allocated transmission resource amount, a Modulation

and Coding Scheme(MCS), and a path loss value in calculating a required uplink

transmission power. The uplink transmission power is limited to a UE maximum

transmission power. When the required uplink transmission power is greater than the

UE maximum transmission power, the UE performs the uplink transmission using the

UE maximum transmission power. However, use of the maximum transmission power

instead of the required transmission power degrades the uplink transmission quality.

Thus, it is preferable for the ENB to perform scheduling for UE transmissions such

that a required transmission power for the UE transmission will not exceed the UE

maximum transmission power.

Disclosure of Invention

Technical Problem
[14] Some parameters utilized in scheduling at the ENB, such as channel path loss, are not

capable of being measured at the ENB. When required, the UE may transmit a Power

Headroom Report(PHR) to the ENB to report UE Power Headroom(PH) with respect

to path loss. However, conventional uplink transmission power determination

procedures are performed with respect to a single downlink carrier and a single uplink

carrier. Thus, the conventional procedures are not applicable to the LTE-A system

supporting carrier aggregation.

Solution to Problem
[15] The present invention has been made to address at least the above problems and/or

disadvantages and to provide at least the advantages described below. Accordingly, an

aspect of the present invention provides a PH reporting method and device for a

wireless communication system supporting carrier aggregation that allows a UE to

report available PH per uplink carrier.

[16] According to one aspect of the present invention, a method is provided for reporting

a Power Headroom(PH) of a User Equipment(UE) in a wireless communication system

having a plurality of aggregated uplink carriers. The PH is calculated for a Power

Headroom Report(PHR)-triggered uplink carrier. A PHR having the PH and an

identifier of the PHR-triggered uplink carrier is generated. The PHR is transmitted to a



network.

[17] According to another aspect of the present invention, a method is provided for

reporting a Power Headroom(PH) of a User Equipment(UE) in a wireless commu

nication system having a plurality of aggregated uplink carriers. The PH is calculated

for a Power Headroom Report(PHR)-triggered uplink carrier. A PHR having the PH is

generated. The PHR is transmitted to a network over one of a plurality of PHR-

transmitting uplink carriers configured to correspond to the PHR-triggered uplink

carrier.

[18] According to an additional aspect of the present invention, a method is provided for

receiving a Power Headroom(PH) of a User Equipment(UE) at a Node B in a wireless

communication system having a plurality of aggregated uplink carriers. An allocation

of an uplink transmission resource is transmitted. A Power Headroom Report(PHR)

having the PH and an identifier of a PHR-triggered uplink carrier is received in ac

cordance with the uplink transmission resource.

[19] According to a further aspect of the present invention, a method is provided for

receiving a Power Headroom(PH) of a User Equipment(UE) at a Node B in a wireless

communication system having a plurality of aggregated uplink carriers. A carrier con

figuration message is transmitted to the UE. Configuration of the plurality of ag

gregated uplink carriers specifies Power Headroom Report(PHR) -configured uplink

carriers, and a plurality of PHR-transmitting uplink carriers corresponding to each

PHR-configured uplink carrier. A PHR of a PHR-triggered uplink carrier is received

over one of the plurality of PHR-transmitting uplink carriers configured to correspond

to the PHR-triggered uplink carrier.

[20] According to another aspect of the present invention, a User Equipment(UE) in a

wireless communication system having a plurality of aggregated uplink carriers is

provided. The UE includes a Power Headroom(PH) calculator for calculating a PH for

a Power Headroom Report(PHR) -triggered uplink carrier. The UE also includes a

controller for generating a PHR having the PH and an identifier of the PHR-triggered

uplink carrier. The UE further includes a transceiver for transmitting the PHR to a

network.

[21] Additionally, according to a further aspect of the present invention, a User

Equipment(UE) in a wireless communication system having a plurality of aggregated

uplink carriers is provided. The UE includes a Power Headroom(PH) calculator for

calculating a PH for a Power Headroom Report(PHR) -triggered uplink carrier. The UE

also includes a controller for generating a PHR having the PH. The UE further includes

a transceiver for transmitting the PHR to a network over one of a plurality of PHR-

transmitting uplink carriers configured to correspond to the PHR-triggered uplink

carrier.



[22] Further, according to another aspect of the present invention, a Node B in a wireless

communication system having a plurality of aggregated uplink carriers is provided.

The Node B includes a transceiver for transmitting an allocation of an uplink

transmission resource, and receiving a Power Headroom Report(PHR) having the PH

and an identifier of a PHR-triggered uplink carrier in accordance with the uplink

transmission resource.
[23] According to an additional aspect of the present invention, a Node B in a wireless

communication system having a plurality of aggregated uplink carriers is provided.

The Node B includes a transceiver for transmitting a carrier configuration message to

the UE, wherein configuration of the plurality of aggregated uplink carriers specifies

Power Headroom Report(PHR)-configured uplink carriers, and a plurality of PHR-

transmitting uplink carriers corresponding to each PHR-configured uplink carrier, and

receiving a PHR of a PHR-triggered uplink carrier over one of the plurality of PHR-

transmitting uplink carriers configured to correspond to the PHR-triggered uplink

carrier.

Advantageous Effects of Invention
[24] According to the present invention, when multiple carriers are aggregated, different

PHRs are triggered for different carriers at different times and this allows enough time

to properly measure a path loss of the corresponding downlink carrier.

Brief Description of Drawings
[25] The above and other aspects, features and advantages of the present invention will be

more apparent from the following description when taken in conjunction with the ac

companying drawings, in which:

[26] FIG. 1 is a diagram illustrating an LTE wireless communication system;

[27] FIG. 2 is a diagram illustrating a user plane protocol stack for use in the LTE

wireless communication system architecture of FIG. 1;

[28] FIG. 3 is a schematic diagram illustrating an LTE-A wireless communication system

supporting carrier aggregation;

[29] FIG. 4 is a diagram illustrating transmission of PHR when adjacent uplink carriers

are aggregated in an LTE-A wireless communication system, according to an em

bodiment of the present invention;

[30] FIG. 5 is a diagram illustrating operations of an LTE-A wireless communication

system, according to a first embodiment of the present invention;

[31] FIG. 6 is a flow diagram illustrating a PH reporting methodology for an LTE-A

wireless communication system, according to the first embodiment of the present

invention;

[32] FIG. 7 is a diagram illustrating operations of an LTE-A wireless communication



system, according to a second embodiment of the present invention;

[33] FIG. 8 is a flow diagram illustrating a PH reporting methodology for an LTE-A

wireless communication system, according to the second embodiment of the present

invention;

[34] FIG. 9 is a diagram illustrating operations of an LTE-A wireless communication

system, according to a third embodiment of the present invention;

[35] FIG. 10 is a flow diagram illustrating a PH reporting methodology for an LTE-A

wireless communication system, according to the third embodiment of the present

invention;

[36] FIG. 11 is a flow diagram illustrating a PH reporting methodology for an LTE-A

wireless communication system, according to another embodiment of the present

invention;

[37] FIG. 12 is a flow diagram illustrating a PH generation and transmission

methodology, according to an embodiment of the present invention; and

[38] FIG. 13 is a block diagram illustrating a configuration of a UE for an LTE-A wireless

communication system, according to an embodiment of the present invention.

[39] FIG. 14 is a block diagram illustrating a configuration of a base station for an LTE-A

wireless communication system, according to an embodiment of the present invention.

Mode for the Invention
[40] Embodiments of the present invention are described in detail with reference to the ac

companying drawings. The same or similar components may be designated by the

same or similar reference numerals although they are illustrated in different drawings.

Detailed descriptions of constructions or processes known in the art may be omitted to

avoid obscuring the subject matter of the present invention.

[41] The terms and words used in the following description and claims are not limited to

their dictionary meanings, but are merely used to enable a clear and consistent under

standing of the invention. Accordingly, it should be apparent to those skilled in the art

that the following description of embodiments of the present invention are provided for

illustrative purposes only and not for the purpose of limiting the invention, as defined

by the appended claims and their equivalents.

[42] 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

"an identifier" includes reference to one or more of such identifiers.

[43] Exemplary embodiments of the present invention provide methods in which a UE

reports available PH in a wireless communication system supporting carrier ag

gregation.

[44] Referring to FIG. 4, a diagram illustrates transmission of a PHR when adjacent



uplink carriers are aggregated in an LTE-A wireless communication system, according

to an embodiment of the present invention. PH is affected by an allocated transmission

resource amount, an MCS level to be adopted for an uplink transmission, a Path

Loss (PL) of a corresponding downlink carrier, and an accumulated power adjustment

command, or Transmission Power Control(TPC), value. Due to the fact that the PL of

the corresponding downlink carrier and the accumulated power adjustment command

value vary depending on an uplink carrier, it is preferable for a UE operating in a

carrier aggregation mode to transmit a PHR per uplink carrier. However, when ag

gregated uplink carriers are adjacent, it is more efficient to transmit a PHR, then

determine PHs of adjacent uplink carriers based on the PH in the transmitted PHR.

[45] Specifically, with reference to FIG. 4, five carriers are shown. Downlink carriers, or

DownLink Component Carriers (DL CCs) 405 and 410, and respective uplink carriers,

or UpLink Component Carriers(UL CCs) 430 and 435 belong to an 800 MHz

frequency band. Downlink carriers, or DL CCs, 415, 420 and 425, and respective

uplink carriers, or UL CCs, 440, 445 and 450 belong to a 2500 MHz frequency band.

Relationships between downlink and uplink carriers are provided to a UE through a

control message relating to carrier aggregation. When the PHs of uplink carriers 430

and 435 are determined, similar path losses and accumulated power adjustment

command values are utilized. Therefore, it is efficient to transmit a PHR of one of

uplink carriers 430 and 435. The PH of the remaining uplink carrier is determined

based on the transmitted PH. Similarly, since the PHs of uplink carriers 440, 445 and

450 belong to the same 2500 MHz frequency band, they are also determined using

similar path losses and accumulated power adjustment command values. Therefore, it

is preferable to transmit a PHR of one of the three uplink carriers, then have the PHs of

the remaining two adjacent uplink carriers determined based on the transmitted PHR.

[46] In accordance with a first embodiment of the present invention, a PHR is triggered

when a path loss utilized in a last PHR has changed in value by more than a reference

value, or when a predetermined time has elapsed after the transmission of the last PHR.

Although the PHR may be triggered, a UE does not transmit the PHR immediately, but

instead waits until a transmission is available. Specifically, the UE waits until an

uplink transmission resource is allocated. After the PHR is triggered, the UE transmits

the PHR on the first uplink transmission. The PHR is MAC layer control information,

and is transmitted in an 8-bit PH MAC control element. The first two bits of the PH

MAC control element are reserved, and the remaining 6 bits are used to indicate a PH

level in a range between -23 dB and 40 dB.

[47] As described above, when multiple carriers are aggregated, different PHRs are

triggered for different carriers at different times. Thus, information is provided that

specifies which uplink carrier is related to a PHR transmitted at a specific time. In the



first embodiment of the present invention, the first two reserved bits are used to carry

information relating to an identity of an uplink carrier. This information in the PH

MAC control element is referred to as a PHR Identifier(PHR ID).

[48] A UE may aggregate multiple uplink carriers in a call establishment procedure and

transmit PHRs relating to some of the aggregated uplink carriers. The ENB assigns

PHR IDs for the uplink carriers, which are used when the UE generates and transmits

the PHRs.

[49] When the uplink carrier on which the PHR is triggered(a PHR-triggered uplink

carrier) is identical to the uplink carrier on which a MAC PDU carries the PHR(a

PHR-transmitting uplink carrier), the PH is defined as a difference between a nominal

UE maximum transmission power and a transmission power required to transmit the

MAC PDU carrying the PHR.

[50] When the PHR-triggered uplink carrier is not identical to the PHR-transmitting

uplink carrier, the UE calculates the PH assuming that the MAC PDU containing the

PHR is transmitted on the PHR-triggered uplink carrier. For example, when a PHR

triggered for a first uplink carrier is transmitted via a MAC PDU on a second uplink

carrier, the PHR indicates a PH level that is calculated based on a transmission

power(PUL TX) required when the MAC PDU is transmitted on the first uplink

carrier. Specifically, the UE calculates the PH using Math Figure 1;

[51] MathFigure 1

[Math.l]

CMAX~ ULTX

P U X
= (number of resource blocks, MCS level, PL, accumulated TPC)

[52] In this first embodiment of the present invention, the PH is calculated by entering the

PL of the PHR-triggered uplink carrier and the accumulated Transmission Power

Control(TPC) into Math Figure 1. Here, denotes a function for calculating the

required transmission power, PULTX and is used to obtain a value proportional of the

input value. PCMAX the nominal UE maximum transmission power.

[53] FIG. 5 is a diagram illustrating operations of an LTE-A wireless communication

system, according to the first embodiment of the present invention. A network 510

sends a carrier configuration message 515 to a UE 505. The carrier configuration

message contains information relating to downlink carriers, uplink carriers and uplink

carrier PHR IDs. Specifically, the carrier configuration message may contain in

formation relating to a DL CC on which the TPC is accumulated and an UL CC. The

network 510 previously assigns the PHR IDs to the uplink carriers for which PHRs are

set. If the carrier configuration message is successfully received, the UE 505 sends a

carrier configuration response 520 to the network 510 in response to the carrier con-



figuration message 515. The UE 505 also configures the carriers at 525 based on in

formation contained in the carrier configuration message. For example, the UE 505

configures UL CC 1, UL CC 2, UL CC 3, UL CC 4 and UL CC 5, and sets UL CC1

and UL CC 3 for PHR(PHR-designated Uplink Carrier). Also, the UE assigns UL CC

1 with PHR ID 0 and assigns UL CC 3 with PHR ID 1.

[54] When the PHR is triggered for UL CC 1 at 530, the UE 505 awaits a next uplink

transmission. The next uplink transmission becomes possible when an uplink

transmission resource is allocated through the transmission of an uplink grant by the

network 510. The network 510 transmits an uplink grant for UL CC 4 at 535. Upon

receipt of the uplink grant, the UE 505 generates the PHR on UL CC 4 at 540, which

includes the PHR ID 0 assigned to UL CC 1 and the PH of UL CC 1. The PH of UL

CC 1 is the difference between the UE maximum transmission power and the required

uplink transmission power, when the MAC PDU is transmitted on UL CC 1.

Specifically, the PH is calculated reflecting at least the MCS level, the path loss of the

downlink carrier corresponding to UL CC 1, and the accumulated TPC of UL CC 1.

The UE 505 transmits the MAC PDU containing the PHR ID and PH level to the

network 510 over UL CC 4 at 545.

[55] FIG. 6 is a flow diagram illustrating a PH reporting methodology for an LTE-A

wireless communication system, according to the first embodiment of the present

invention.

[56] A UE first receives a carrier configuration message transmitted by an ENB and

configures uplink carriers based on information contained in the carrier configuration

message in step 605. Specifically, the UE determines which uplink carriers are

designated for the PHR and the PHR IDs assigned to these uplink carriers based on the

carrier configuration message. In setting the carrier configuration message, the ENB

may utilize information indicating that select uplink carriers are likely to be similar in

path loss and accumulated TPC. For example, a single uplink carrier in a group of

uplink carriers positioned in adjacent frequency bands may be designated for the PHR,

as described above with respect to FIG. 4.

[57] After configuring the uplink carriers, the UE monitors for an event triggering a PHR

on one of the uplink subcarriers set for PHR in step 610. For example, if the path loss

related to an uplink carrier has changed by more than a predetermined reference value

since a last PHR or a predetermined time has elapsed since the transmission of a last

PHR, the PHR is triggered on that uplink carrier. The UE determines whether a PHR is

triggered in step 615. If a PHR is triggered, the methodology proceeds to step 620. If a

PHR is not triggered, the methodology returns to step 610. At step 620, the UE waits

for allowance of an uplink transmission.

[58] When uplink transmission is allowed, specifically, if an uplink grant for an uplink



carrier is received, the UE determines whether the transmission-granted, or PHR-

transmitting, uplink carrier is identical to the PHR-triggered uplink carrier in step 625.

If the PHR-transmitting uplink carrier is identical to the PHR-triggered uplink carrier,

the UE calculates a PH of the PHR-triggered uplink carrier in a conventional manner in

step 635. Specifically, the UE calculates the PH by subtracting a required uplink

transmission power from the UE maximum transmission power. The required uplink

transmission power is that of the PHR-transmitting uplink carrier. For example, when

an uplink grant is received for transmission over an uplink carrier, the uplink

transmission power is that required for the UE to transmit the MAC PDU using the

resources and MCS level indicated by the uplink grant.

[59] If the PHR-transmitting uplink carrier is not identical to the PHR-triggered uplink

carrier, the UE calculates a PH of the PHR-triggered uplink carrier in step 630,

assuming that the uplink transmission is performed on the PHR-triggered uplink

carrier. Specifically, the UE calculates the PH by subtracting the transmission power,

which is required when the PHR is transmitted on the PHR-triggered uplink carrier

using the resources for transmission of the MAC PDU and MCS level indicated by the

uplink grant, from the UE maximum transmission power. The PH is calculated in con

sideration of the path loss and accumulated TPC related to the PHR-triggered uplink

carrier.

[60] After calculating the PH in steps 630 or 635, the UE generates a MAC PDU

containing the PHR having the PHR ID field and PH level field in step 640, and

transmits the MAC PDU to the ENB in step 645. After transmitting the PHR, the

process returns to step 610.

[61] In a second embodiment of the present invention, a relationship between an uplink

carrier on which the PHR is transmitted(PHR-transmitting uplink carrier) and an

uplink carrier of which PH is calculated(PHR designated uplink carrier) is prede

termined. This relationship enables identification of the PHR designated uplink carrier

without changing a PHR format to insert a PHR ID. For example, a UE may aggregate

5 uplink carriers including two uplink carriers designated for PHR UL CC 1 430 and

UL CC 3 440, as shown in FIG. 4. The PHR for UL CC 1 430 can be transmitted on

one of uplink carriers UL CC 1 430 and UL CC 2 435, and the PHR for UL CC 3 440

can be transmitted on one of uplink carriers UL CC 3 440, UL CC 4 445, and UL CC 5

450. This provides for quick PHR transmission without the use of additional PHR IDs.

[62] Referring now to FIG. 7, a diagram illustrates operations of an LTE-A wireless com

munication system, according to the second embodiment of the present invention. In

FIG. 7, a network 710 sends a carrier configuration message 715 to a UE 705. The

carrier configuration message contains information on downlink carriers and uplink

carriers. Upon receipt of the carrier configuration message 715, the UE 705 sends a



carrier configuration response message 720 to the network 710. The UE 705

configures the carriers based on the configuration information contained in the con

figuration resource message in 725. For example, the UE 705 configures UL CC 1, UL

CC 2, UL CC 3, UL CC 4 and UL CC 5 as aggregated uplink carriers and UL CC 1

and UL CC 3 as PHR designated uplink carriers. Relationships between the PHR

designated uplink carriers and the PHR-transmitting uplink carriers are also

configured. For example, the PHR for UL CC 1 can be transmitted on UL CC 1 and

UL CC 2, and the PHR for UL CC 3 can be transmitted on UL CC 3, UL CC 4 and UL

CC 5.

[63] When the PHR for UL CC 1 is triggered at 730, the UE awaits allowance of

transmission over one of the PHR-transmitting uplink carriers related to UL CC 1,

specifically, UL CC 1 and UL CC2. The UE 705 receives a UL grant for UL CC 3 732

from the network 710. Upon receipt of the UL grant for UL CC 3, the UE transmits a

MAC PDU 734 over UL CC 3. Although a UL grant is received, the UE 705 does not

generate the PHR for UL CC 1, because the PHR for UL CC 1 cannot be transmitted

over UL CC 3. The UE 705 receives a UL grant for UL CC 2 735 from the network

710. Upon receipt of the UL grant for UL CC 2 735, the UE 705 generates the PHR for

UL CC 1 in 740 and transmits a MAC PDU 745 containing the PHR for UL CC 1 on

UL CC 2.

[64] FIG. 8 is a flow diagram illustrating a PH reporting methodology for an LTE-A

wireless communication system, according to the second embodiment of the present

invention.

[65] Referring to FIG. 8, a UE receives a carrier configuration message transmitted by an

ENB and configures uplink carriers in step 805. The UE configures PHR designated

uplink carriers and their corresponding PHR-transmitting uplink carriers. Specifically,

when a PHR of uplink carrier x designated for PHR is to be transmitted on an uplink

carrier y, the uplink carrier x is referred to as related to, or corresponding to, the uplink

carrier y. The UE monitors for an event triggering a PHR for a PHR designated uplink

carrier in step 810. For example, if a path loss related to an uplink carrier has changed

by a value more than a predetermined reference value since a last PHR, or a prede

termined time has elapsed since a transmission of the last PHR, the PHR is triggered

on the uplink carrier. The UE determines whether a PHR is triggered in step 815. If a

PHR is triggered, the methodology proceeds to step 820. If a PHR is not triggered, the

methodology returns to step 810.

[66] At step 820, the UE awaits allowance of a resource for uplink transmission. When

the resource for uplink transmission is granted via an uplink grant received from the

ENB, the UE determines whether the transmission-granted uplink carrier relates to the

triggered PHR designated uplink carrier in step 825. Specifically, the UE determines



whether the triggered PHR can be transmitted on the transmission-granted uplink

carrier. If the transmission-granted uplink carrier relates to the triggered PHR

designated uplink carrier, the UE calculates the PH of the PHR designated uplink

carrier and generates the PHR in step 830. If the transmission-granted uplink carrier

does not relate to the triggered PHR-designated uplink carrier, the methodology returns

to step 820 and the UE continues to await allowance of a resource for uplink

transmission through receipt of an uplink grant.

[67] After generating the PHR at step 830, the UE transmits a MAC PDU containing the

PHR to the ENB on the transmission-granted, or PHR-transmitting, uplink carrier in

step 835, and the methodology returns to step 810.

[68] The PHR is triggered when a path loss used for calculating the PH in a previous PHR

transmission has changed by a value more than a reference value, or when a prede

termined time has elapsed since the transmission of the previous PHR. Thus, a PHR is

triggered only when there has been a previous PHR transmission. Accordingly, when

an uplink carrier is configured for PHR, the UE transmits the PHR at the first

transmission regardless of the above conditions.

[69] In the conventional system using one downlink carrier and one uplink carrier, a con

figuration message is received a relatively long time after starting a signal on a corre

sponding downlink carrier. This allows enough time to properly measure a path loss of

the corresponding downlink carrier. Accordingly, it is possible to calculate the PH at

the first transmission after the PHR is configured.

[70] When using carrier aggregation, the path loss of the corresponding downlink carrier

is not likely to be measured at the time when the uplink carrier is configured. For

example, if the UE establishes an initial connection through DL CC 1 405 and UL CC

1 430, the receiver on DL CC 1 405 switches on at a time when the UE powers on.

Since it takes a few hundred milliseconds (msec) for the UE to power on and enter the

connected state, the path loss measurement of DL CC 1 405 is completed by the time

the UE powers on to enter the connection state and receives the message related to the

PHR configuration. However, when UL CC 2 435 and related DL CC 2 410 are newly

configured, and UL CC 2 435 is configured for PHR, the path loss of DL CC 2 410 is

not measured by the time UL CC 2 435 is configured for PHR. For example, the path

loss of a downlink carrier may be measured in at least 200 msec, and no path loss mea

surement exists 200 msec from the start of signal reception on a downlink carrier.

[71] Accordingly, in a third embodiment of the present invention, when a new uplink

carrier is configured/activated and configured for PHR, the UE acquires a valid path

loss of a corresponding downlink carrier by measuring over a predetermined time and

transmits the PHR at a first transmission chance after the measurement. For example,

the UE does not generate/transmit a PHR even if a transmission chance is provided



before a valid path loss measurement value has been obtained. The PHR is transmitted

at the first transmission chance after a valid path loss measurement value is obtained.

An uplink carrier is configured/activated when the ENB sends the UE configuration in

formation about the uplink carrier and instructs the UE to prepare for transmission over

the uplink carrier. The path loss of a downlink carrier is measured by measuring

received strength of a reference signal on the downlink carrier and subtracting the mea

surement from the downlink transmission power.

[72] FIG. 9 is a diagram illustrating operations of an LTE-A wireless communication

system, according to the third embodiment of the present invention.

[73] In FIG. 9, a network 910 sends a carrier configuration message 915 to a UE 905. The

carrier configuration message 915 contains information on downlink carriers and

uplink carriers to be aggregated. Some of the uplink carriers can be configured for

PHR. If the carrier configuration message 915 is received successfully, the UE 905

sends a carrier configuration response message 920 to the network 910 in response to

the carrier configuration message and configures the carriers based on the con

figuration information contained in the carrier configuration message at 925. For

example, the UE activates DL CC 3 and UL CC 3, which are related to each other as

indicated by the configuration information, and configures UL CC 3 for PHR. The UE

measures a path loss of DL CC 3 in 930 and triggers the PHR for UL CC 3 in 935 after

a predetermined time has elapsed from the start of the path loss measurement. After the

PHR is triggered, the UE receives a UL grant at 940. The UE generates the PHR and

sends a MAC PDU containing the PHR at the first transmission after the receipt of the

UL grant at 945.

[74] Referring now to FIG. 10, a flow diagram illustrates a PH reporting methodology for

an LTE-A wireless communication system, according to the third embodiment of the

present invention.

[75] A UE first receives a PHR configuration message from an ENB at step 1005. The

PHR configuration message contains information about a UL CC to be configured for

PHR and parameters related to the PHR. From the PHR configuration message or a

previously received carrier configuration message, the UE recognizes a DL CC related

to the PHR designated UL CC.

[76] The UE determines whether a valid path loss measurement value of the DL CC exists

in step 1010. A valid path loss measurement value exists when the UE has measured

the path loss of the corresponding DL CC for a predetermined duration and thus

obtained the measurement value. If the UL CC was already activated, the path loss

measurement value of the DL CC exists. Otherwise, if the UL CC is recently activated,

for example, by a PHR configuration message, a valid path loss measurement value of

the related DL CC is not likely to exist.



[77] If it is determined that a valid path loss measurement value exists at step 1010, the

UE triggers the PHR at step 1015. If it is determined that a valid path loss mea

surement value does not yet exist, the UE waits until the valid path loss measurement

value of the related DL CC is obtained.

[78] FIG. 11 is a flow diagram illustrating a PH reporting methodology for an LTE-A

wireless communication system, according to another embodiment of the present

invention.

[79] A UE receives a control message for activating a UL CC in step 1105. The UE de

termines whether the new UL CC is configured for PHR in step 1110. If the new UL

CC is not configured for PHR, the UE waits until another UL CC is activated. If the

new UL CC is configured for PHR, the UE determines whether a valid path loss mea

surement value of a DL CC related to the new UL CC exists in step 1115. If the DL

has been already activated and used, a path loss measurement value of the DL CC

exists. If the DL CC is activated with the activation of the UL CC, a path loss mea

surement value of the DL CC does not yet exist.

[80] If a valid path loss measurement value of the DL CC exists at step 1115, the UE

triggers the PHR in step 1130. If a valid path loss measurement value of the DL CC

does not exist at step 1115, the UE starts a timer in step 1120 for triggering PHR after

the path loss of the related DL CC is measured. The timer can be set with a prede

termined duration or a duration indicated by a control message.

[81] As described above, since path loss is calculated after measurement of the received

signal quality is performed for at least 200 msec as specified by current Standards, for

example, the timer may be set to a fixed value, such as, for example, 200 msec. The

timer may also be set to a value equal to any measurement period specified in the

Standard. When the timer expires in step 1125, the UE triggers the PHR for the uplink

carrier in step 1130.

[82] In the above-described operations of the UE, it is assumed that the PHR is triggered

after a valid path loss measurement value is acquired. Since the PHR is generated at

the first transmission time after the PHR is triggered, the deferred PHR trigger delays

the generation and transmission of the PHR. Accordingly, it is preferable to defer the

generation of the PHR after the time point at which the measured path loss can be used

while maintaining the conventional PHR triggering mechanism of triggering the PHR

right after the PHR configuration. This PHR generation and transmission process in the

UE is illustrated in FIG. 12.

[83] Referring now to FIG. 12, a flow diagram illustrates a PHR generation and

transmission methodology, according to an embodiment of the present invention.

[84] An uplink transmission resource is granted at step 1205, and a UE checks whether

there is a triggered PHR that has not been transmitted in step 1210. If there is no such



triggered PHR that has not been transmitted, the UE waits until a next possible uplink

transmission. If there is a triggered PHR that has not been transmitted, the UE de

termines whether a path loss measurement value for calculating a PH exists in step

1215. Specifically, the UE checks whether a Reference Signal Received Power(RSRP)

has been measured on the downlink carrier related to the triggered uplink carrier for a

predetermined duration. If no path loss measurement value exists at step 1215, the UE

waits until a next possible uplink transmission. If the path loss measurement value

exists, the UE generates the PHR at step 1220. The UE transmits a MAC PDU

containing the PHR to the ENB in step 1225, and cancels the triggered PHR in step

1230.

[85] FIG. 13 is a block diagram illustrating a configuration of a UE for an LTE-A wireless

communication system, according to an embodiment of the present invention.

[86] The UE includes a transceiver 1305, a controller 1310, a PH calculator 1315, a mul

tiplexer/demultiplexer 1320, a control message processor 1335, and upper layer

devices 1325 and 1330.

[87] The transceiver 1305 receives data and control signals on downlink carriers and

transmits data and control signals on uplink carriers. When multiple carriers are ag

gregated, the transceiver 1305 transmits and receives the data and control signals over

multiple carriers.

[88] The controller 1310 controls the multiplexer/demultiplexer 1320 to generate MAC

PDUs based on the control signal, for example, scheduling information contained in

the uplink grant. The controller 1310 also determines whether a PHR is triggered, and

controls the PH calculator 1315 to calculate a PH of the triggered uplink carrier.

Whether the PHR is triggered is determined based on a PHR parameter received from

the control message processor 1335. When multiple uplink carriers are configured for

PHR, the controller 1310 checks the PHR ID assigned to respective carriers or the

related uplink carriers on the basis of the information provided in a control message as

described above in the various exemplary embodiments. The controller 1310 de

termines the validity of measurement results on downlink carriers related to the uplink

carriers, and controls generation of the PHR only when a valid measurement result is

detected. The controller 1310 also generates the PHR using the PH output by the PH

calculator 1315 and outputs the PHR to the multiplexer/demultiplexer 1320. The PH

calculator 1315 calculates the PH and outputs the calculated PH to the controller 1310

under the control of the controller 1310.

[89] The multiplexer/demultiplexer 1320 multiplexes the data output by the upper layer

devices 1325 and 1330 and the control message processor 1335, demultiplexes the data

received by the transceiver 1305, and delivers the demultiplexed data to the corre

sponding upper layer devices 1325 and 1330 and control message processor 1335.



[90] The control message processor 1335 processes the control message transmitted by

the network to direct required operations. For example, the control message processor

1335 delivers PHR parameters extracted from the control message to the controller

1310 and information on the newly activated carriers to the transceiver 1305 so that the

transceiver 1305 may be set with the carriers. The upper layer devices 1325 and 1330

are activated per service. The upper layer devices 1325 and 1330 process the data

generated by user services, such as File Transfer Protocol (FTP) and Voice over

IP(VoIP), to deliver the processed data to the multiplexer/demultiplexer 1320. The

multiplexer/demultiplexer 1320 also delivers the demultiplexed data to the upper layer

devices 1325 and 1330.

[91] FIG. 14 is a block diagram illustrating a configuration of a base station for an LTE-A

wireless communication system, according to an embodiment of the present invention.

The base station includes a transceiver 1405, a controller 1410, a PH calculator 1415, a

multiplexer/demultiplexer 1420, a control message processor 1435, upper layer devices

1425 and 1430, and a scheduler 1440.

[92] The transceiver 1405 transmits data and control signals on downlink carriers and

receives data and control signals on uplink carriers. When multiple carriers are ag

gregated, the transceiver 1405 transmits and receives the data and control signals over

multiple carriers.

[93] The controller 1410 controls the multiplexer/demultiplexer 1420 to generate or

receive MAC PDUs according to the scheduling of the scheduler 1440. The controller

1410 also determines whether a PHR is contained in the received MAC PDU and, if

any, transports PHR to the PH calculator 1415. The PH calculator 1415 recognizes the

available transmission power of a specific carrier of the corresponding UE based on

the PHR and reports the available transmission power to the scheduler 1440.

[94] The scheduler 1440 performs scheduling in consideration of available transmission

power per UE per carrier, reported by the HP calculator 1415, as far as the required

transmission power does not exceed the maximum transmission power.

[95] The multiplexer/demultiplexer 1420 multiplexes the data output by the upper layer

devices 1425 and 1430 and the control message processor 1435, demultiplexes the data

received by the transceiver 1405, and delivers the demultiplexed data to the corre

sponding upper layer devices 1425 and 1430 and control message processor 1435.

[96] The control message processor 1435 generates a control message to be transmitted to

the UE and interprets the control message transmitted by the UE to execute an

operation instructed by the control message. The upper layer devices 1425 and 1430

are activated per service, process the data transmitted by the UE and provide the

processed data to a node such as S-GW, and process the data transmitted by a node

such as the S-GW and deliver the processed data to the multiplexer/demultiplexer



1420.

While the invention has been shown and described with reference to certain em

bodiments thereof, it will be understood by those skilled in the art that various changes

in form and detail may be made therein without departing from the spirit and scope of

the invention as defined by the appended claims and their equivalents.
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Claims
A method for reporting a Power Headroom(PH) of a User

Equipment(UE) in a wireless communication system, the method

comprising the steps of:

calculating the PH for a Power Headroom Report(PHR) -triggered

uplink carrier;

generating a PHR comprising the PH and an identifier of the PHR-

triggered uplink carrier; and

transmitting the PHR to a network.

The method of Claim 1, wherein the PHR is transmitted via a data

packet having a PHR identifier field and a PH level field.

The method of Claim 1, wherein calculating the PH comprises:

calculating the PH for the PHR-triggered uplink carrier when a prede

termined event has occurred.

The method of Claim 3, wherein the predetermined event comprises at

least one of change of a path loss used for calculating a last PHR

transmission by more than a reference value, and lapse of a prede

termined time period since the last PHR transmission.

The method of Claim 3, wherein calculating the PH further comprises:

awaiting allocation of an uplink transmission resource when the prede

termined event has occurred;

determining whether a PHR-transmitting uplink carrier that is allocated

the uplink transmission resource is the PHR-triggered uplink carrier;

and

calculating the PH of the PHR-triggered uplink carrier in accordance

with the transmission power required over the PHR-triggered uplink

carrier even if the PHR-transmitting uplink carrier is not the PHR-

triggered uplink carrier.

The method of Claim 1, wherein the PHR is transmitted over a next

available uplink carrier.

The method of Claim 1, wherein

uplink carriers are aggregated in accordance with a carrier con

figuration message.

The method of Claim 7, wherein the uplink carriers are aggregated into

one or more groups of uplink carriers positioned in adjacent frequency

bands.

The method of Claim 7, wherein the one or more identifiers are each
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assigned to a corresponding PHR designated uplink carrier.

[Claim 10] The method of Claim 7, further comprising:

determining whether a path loss value exists for a downlink carrier cor

responding to a PHR designated uplink carrier in accordance with the

carrier configuration message;

triggering a PHR for the PHR designated uplink carrier when the path

loss value exists; and

when the path loss value does not exist, triggering the PHR for the PHR

designated uplink carrier after a predetermined time period during

which the path loss value is measured for the corresponding downlink

carrier.

[Claim 11] The method of Claim 7, further comprising:

determining whether a PHR is triggered for one of the plurality of ag

gregated uplink carriers when an uplink resource is granted;

determining whether a path loss value exists for a downlink carrier cor

responding to the one of the plurality of aggregated uplink carriers;

when the path loss value exists, generating the PHR for the one of the

plurality of aggregated uplink carriers, transmitting data comprising the

PHR,; and

when the path loss value does not exist, awaiting a grant for a next

uplink resource.

[Claim 12] A method for reporting a Power Headroom(PH) of a User

Equipment(UE) in a wireless communication system having a plurality

of aggregated uplink carriers, the method comprising the steps of:

calculating the PH for a Power Headroom Report(PHR) designated

uplink carrier;

generating a PHR comprising the PH; and

transmitting the PHR to a network over one of a plurality of PHR-

transmitting uplink carriers associated with the PHR designated uplink

carrier.

[Claim 13] The method of Claim 12, wherein calculating the PH comprises:

calculating the PH for the PHR designated uplink carrier when a prede

termined event has occurred.

[Claim 14] The method of Claim 13, wherein calculating the PH further comprises:

awaiting allocation of an uplink transmission resource when the prede

termined event has occurred;

determining whether an uplink carrier that is allocated the uplink

transmission resource is a PHR-transmitting uplink carrier corre-
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sponding to the PHR designated uplink carrier; and

calculating the PH of the PHR designated uplink carrier when the

uplink carrier allocated the uplink transmission resource is the PHR-

transmitting uplink carrier corresponding to the PHR designated uplink

carrier.

[Claim 15] The method of Claim 13, wherein the predetermined event comprises at

least one of change of a path loss used for calculating a last PHR

transmission by more than a reference value, and lapse of a prede

termined time period since the last PHR transmission.

[Claim 16] The method of Claim 12, wherein the plurality of aggregated uplink

carriers are aggregated into one or more groups of uplink carriers p o

sitioned in adjacent frequency bands.

[Claim 17] The method of Claim 13, further comprising:

determining whether a path loss value exists for a downlink carrier cor

responding to a PHR designated uplink carrier in accordance with a

carrier configuration message;

triggering a PHR for the PHR designated uplink carrier when the path

loss value exists; and

when the path loss value does not exist, triggering the PHR for the PHR

designated uplink carrier after a predetermined time period during

which the path loss value is measured for the corresponding downlink

carrier.

[Claim 18] The method of Claim 13, further comprising:

determining whether a PHR is triggered for one of the plurality of ag

gregated uplink carriers when an uplink resource is granted;

determining whether a path loss value exists for a downlink carrier cor

responding to the one of the plurality of aggregated uplink carriers;

when the path loss value exists, generating the PHR for the one of the

plurality of aggregated uplink carriers, transmitting data comprising the

PHR; and

when the path loss value does not exist, awaiting a grant for a next

uplink resource.

[Claim 19] A User Equipment(UE) in a wireless communication, the UE

comprising:

a Power Headroom(PH) calculator for calculating a PH for a Power

Headroom Report((R)-triggered uplink carrier;

a controller for generating a PHR comprising the PH and an identifier

of the PHR-triggered uplink carrier; and
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a transceiver for transmitting the PHR to a network.

[Claim 20] A User Equipment(UE) in a wireless communication system having a

plurality of aggregated uplink carriers, the UE comprising:

a Power Headroom(PH) calculator for calculating a PH for a Power

Headroom Report(PHR) designated uplink carrier;

a controller for generating a PHR comprising the PH; and

a transceiver for transmitting the PHR to a network over one of a

plurality of PHR-transmitting uplink carriers configured to correspond

to the PHR designated uplink carrier.


























	abstract
	description
	claims
	drawings

