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(57) Abstract: The present invention relates to a wireless communication system. More specitfically, the present invention relates to
a method and a device for triggering power head-room reporting in a dual connectivity system, the method comprising: configuring a
plurality of Medium Access Control (MAC) entities, each MAC entity correspond-ing to each enhanced-NodeB (eNB); occurring an
event for triggering power head-room reporting (PHR) in a MAC entity of the plurality of MAC entities; triggering the PHR in the
plurality of MAC entities including the MAC entity if a type of the event is a first type event; and triggering the PHR in the MAC
entity if the type of the event is a second type event.
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[DESCRIPTION]

[Invention Title]
METHOD FOR TRIGGERIN G POWER HEADROOM REPORTING IN A DUAL CON-

NECTIVITY SYSTEM AND A DEVICE THEREFOR
[ Technical Field]

[0001] The present invention relates to a wireless communication system and, more
particularly, to a method for triggering power headroom reporting in a dual connectivity

system and a device therefor.

[Background Art]

[0002] As an example of a mbbile communication system to ‘which the present in-
vention is applicable, a 3rd Generation Partnership Project Long Term Evolution (hereinaf-
ter, referred to as LTE) communication system is described in brief.

[0003] FIG. 1 is a view schematically illustrating a network structure of an E-UMTS
as an exemplary radio communication system. An Evolved Universal Mobile Telecommu-
nications System (E-UMTS) is an advanced version of a conventional Universal Mobile
Telecommunications System (UMTS) and basic standardization thereof is currently under-
way in the 3GPP. E-UMTS may be generally referred to as a Long Term Evolution (LTE)
system. For details of the technical specifications of the UMTS and E-UMTS, reference
can be made to Release 7 and Release 8 of “3rd Generation Partnership Project; Technical
Specification Group Radio Access Network”.

[0004] Referring to FIG. 1, the E-UMTS includes a User Equipment (UE), eNode
Bs (eNBs), and an Access Gateway (AG) which is located at an end of the network (E-
UTRAN) and connected to an external network. The eNBs may simultaneously transmit

multiple data streams for a broadcast service, a multicast service, and/or a unicast service.
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[000S]  One or more cells may exist per eNB. The cell is set to operate in one of
bandwidths such as 1.25, 2.5, 5, 10, 15, and 20 MHz and provides a downlink (DL) or up-
link (UL) transmission service to a plurality of UEs in the bandwidth. Different cells may
be set to provide different bandwidths. The eNB controls data transmission or reception to
and from a plurality of UEs. The eNB transmits DL scheduling information of DL data to a
corresponding UE so as to inform the UE of a time/frequency domain in which the DL data
is supposed to be transmitted, coding, a data size, and hybrid automatic repeat and request
(HARQ)-related information. In addition, the eNB transmits UL scheduling information of
UL data to a corresponding UE so as to inform the UE of a time/frequéncy domain which
may be used by the UE, coding, a data size, and HARQ-related information. An interface

for transmitting user traffic or control traffic may be used between eNBs. A core network

-(CN) may include the AG and a network node or the like for user registration of UEs. The

AG manages the mobility of a UE on a tracking area (TA) basis. One TA includes a plu-
rality of cells.

[0006] Although wireless communication technology has been developed to LTE
based on wideband code division multiple access (WCDMA), the demands and expectations
of users and service providers are on the rise. In addition, considering other radio access
technologies under development, new technological evolution is required to s.ecure high
competitiveness in the future. Decrease in éost per bit, increase in service availability, flex-
ible use of frequency bands, a simplified structure, an open interface, appropriate power

consumption of UEs, and the like are required.

[Disclosure]

[Technical Problem]
[0007] An object of the present invention devised to solve the problem lies in a

method and device for a method for triggering power headroom reporting in a dual connec-
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tivity system. The technical problems solved by the present invention are not limited to the
above technical problems and those skilled in the art may understand other technical prob-

lems from the following description.

[Technical Solution]

[0008] The object of the present invention can be achieved by providing a method
for a User Equipment (UE) operating in a wireless communication system, the method
comprising: configuring a plurality of Medium Access Control (MAC) entities, each MAC
entity corresponding to each enhanced-NodeB (eNB) ; occurring an event for triggering
power headroom reporting (PHR) in a MAC entity of the plurality of MAC entities; trigger-
ing the PHR in the plurality of MAC entities including the MAC entity if a type of the event
is a first type event ; and triggering the PHR in the MAC entity if the type of the event is a
second type event.

[0009]  In another aspect of the present invention, provided herein is a method for a
User Equipment (UE) operating in a wireless communication system, the method compris-
ing: configuring a first Medium Access Control (MAC) entity and a second MAC entity;
and triggering power headroom reporting (PHR) in the second MAC entity if a prohibit-
PHR-timer for the first MAC entity expires

[0010] In another aspect of the present invention, provided herein is a method for a
User Equipment (UE) operating in a wireless communication system, the method compris-
ing: configuring a first Medium Access Control (MAC) entity and a second MAC entity;
and triggering power headroom reporting (PHR) in the second MAC entity if at least one
SCell for the first MAC entity is changed from deactivate status to activate status.

[0011] Preferably, the first type event comprises at least one of the following events:
a prohibitPHR-Timer of the MAC entity expires or has expired and path loss has changed

since the last PHR is larger than a threshold, an SCell belonging to the MAC entity with
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configured uplink is activated, or the prohibitPHR-Timer of the MAC entity expires or has
expired when the UE has UL resources for new transmission to a corresponding eNB.

[0012] Preferably, the second tsfpe event comprises at least one of the following
events: a periodicPHR-Timer of the MAC entity expires, or upon configuration or reconfig-
uration of the power headroom reporting functionality for the MAC entity by upper layers,
which is not used to disable the function.v

[0013] Preferably, the first type event is related to cell status change.

[0014] Preferably, the first type event further comprises an event that a PSCell
(Primary Secondary Cell) is added.

[0015] Preferably, the method further comprises: generating a plurality of PHR
MAC CEs (Control Elements) if the type of the event is the first type event, wherein the
each PHR MAC CE is for each MAC entity; and transmitting each of the plurality of PHR
MAC CEs to respective eNBs.

[0016] Preferably, the method further comprises: generating a PHR MAC CE (Con-
trol Elements) for the MAC entity if the type of the event is the second type event; and
transmitting the PHR MAC CE to corresponding eNB.

[0017] It is to be understood that both the foregoing general description and the fol-
lowing detailed description of the present invention are exemplary and explanatory and are

intended to provide further explanation of the invention as claimed.

[ Advantageous Effects]

[0018] According to the present invention, triggering power headroom reporting can
be efficiently performed in a dual connectivity system. Specifically, the UE can trigger
power headroom reporting in corresponding MAC ‘entity or all MAC entities configured
with the UE depending on type of event for triggering the power headroom reporting in dual

connectivity system.
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[0019] It will be appreciated by persons skilled in the art that that the effects
achieved by the present invention are not limited to what has been particularly described
hereinabove and other advantages of the present invention will be more clearly understood
from the following detailed description taken in conjunction with the accompanying draw-

ings.

[Description of Drawings]

[0020] The accompanying drawings, which are included to provide a further under-
standing of the invention and are incorporated in and constitute a part of this application,
illustrate embodiment(s) of the invention and together with the description serve to explain
the principle of the invention.

[0021] FIG. 1 is a diagram showing a network structure of an Evolved Universal
Mobile Telecommunications System (E-UMTS) as an example of a wireless communica-
tion system;

[0022] FIG. 2A is a block diagram illuétrating netwbrk structure of an evolved uni-
versal mobile telecommunication system (E-UMTS), and FIG. 2B is a block diagram de-
picting architecture of a typical E-UTRAN and a typical EPC;

[0023] FIG. 3 is a diagram showing a control plane and a user plane of a radio inter-
face protocol between a UE and an E-UTRAN based on a 3rd generation partnership project

(3GPP) radio access network standard,;

[0024] FIG. 4 is a diagram of an example physical channel structure used in an E-
UMTS system;
[0025] FIG. 5 is a block diagram of a communication apparatus according to an em-

bodiment of the present invention;

[0026] FIG. 6 is a diagram for carrier aggregation;
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[0027] FIG. 7 is a conceptual diagram for dual connectivity between a Master Cell
Group (MCS) and a Secondary Cell Group (SCG);

[0028] FIG. 8a i§ a conceptual diagram for C-Plane connectivity of base stations in-
volved in dual connectivity, and FIG. 8b is a conceptual diagram for U-Plane connectivity

of base stations involved in dual connectivity;

[0029] FIG. 9 is a conceptual diagram for radio prothol architecture for dual con-
nectivity;

[0030] FIG. 10 is a diagram for a general overview of the LTE protocol architecture
for the downlink;

[0031] FIG. 11 is a diagram for signaling of buffer status and power-headroom re-
ports;

[0032] FIG.12 is a conceptual diagram for PHR MAC CE (Power Headroom Re-
porting MAC Control CE);

[0033] FIG. 13 is a conceptual diagram for Extended PHR MAC CE (Power Head-
room Reporting MAC Control CE).

[0034] FIG. 14 is a conceptual diagram for triggering power headroom reporting in
a dual connectivity system according to embodiments of the present invention; and

[0035] FIGs. 15 and 16 are conceptual diagrams for triggering power headroom re-

porting corresponding to a first type according to embodiments of the present invention.

[Best Model

[0036] Universal mobile telecommunications system (UMTS) is a 3rd Generation
(3G) asynchronous mobile communication system operating in wideband code division
multiple access (WCDMA) based on European systems, global system for mobile commu-

nications (GSM) and general packet radio services (GPRS). The long-term evolution (LTE)
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of UMTS is under discussion by the 3rd generation partnership project (3GPP) that stand-
ardized UMTS.

[0037] The 3GPP LTE is a technology for enabling high-speed packet communica-
tions. Many schemes have been proposed for the LTE objective including those that aim to
reduce user and provider costs, improve service quality, and expand and improve coverage
and system capacity. The 3G LTE requires reduced cost per bit, increased service availabil-
ity, flexible use of a frequency band, a simple structure, an open interface, and adequate
power consumption of a terminal as an upper-level requirement.

[0038] Hereinafter, structures, operations, and other features of fhe present invention
will be readily understood from the embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. Embodiments described later are ex-
ample.s in which technical features of the present invention are applied to a 3GPP system.

[0039] Although the embodiments of the present invention are described using a
long term evolution (LTE) system and a LTE-advanced (LTE-A) system in the present
specification, they are purely exemplary. Therefore, the embodiments of the present inven-
tion are applicable to any other communication system corresponding to the above defini-
tion. In addition, although the embodiments of the present invention are deseribed based on
a frequency division duplex (FDD) scheme in the present specification, the embodiments of
the present iﬁvention may be easily modified and applied to a half-duplex FDD (H-FDD)
scheme or a time division duplex (TDD) scheme.

[0040] FIG. 2A is a block diagram illustrating network structure of an evolved uni-
versal mobile telecommunication system (E-UMTS). The E-UMTS may be also referred to
as an LTE system. The communication network is widely deployed to provide a variety of

communication services such as voice (VoIP) through IMS and packet data.
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[0041] As illustrated in FIG. 2A, the E-UMTS network includes an evolved UMTS
terrestrial radio access network (E-UTRAN), an Evolved Packet Core (EPC) and one or
more user equipment. The E-UTRAN may include one or more evolved NodeB (eNodeB)
20, and a plurality of user equipment (UE) 10 may be located in one cell. One or more E-
UTRAN mobility management entity (MME)/system architecture evolution (SAE) gate-
ways 30 may be positioned at the end of the network and connected to an external network.

[0042] As used herein, “downlink” refers to communication from eNodeB 20 to UE
10, and “uplink” refers to communication from the UE to an eNodeB. UE 10 refers to
communication equipment carried by a user and may be also referred to as a mobile station
(MS), a user terminal (UT), a subscriber station (SS) or a wireless device.

[0043] FIG. 2B is a block diagram depicting architecture of a typical E-UTRAN and
a typical EPC.

[0044] As illustrated in FIG. 2B, an eNodeB 20 provides end points of a user plane
and a control plane to the UE 10. MME/SAE gateway 30 provides an end point of a session
and mobility management function for UE 10. The eNodeB and MME/SAE gateway may
be connected via an S1 interface. |

[0045] The eNodeB 20 is generally a fixed station that communicates with a UE 10,
and may also be referred to as a base station (BS) or an access point. One eNodeB 20 may
be deployed per cell. An interface for transmitting user traffic or control traffic may be
used between eNodeBs 20.

[0046] The MME provides various functions including NAS signaling to eNodeBs
20, NAS signaling security, AS Security control, Inter CN node signaling for mobility be-
tween 3GPP access networks, Idle mode UE Reachability (including control and execution
of paging retransmission), Tracking Area list management (for UE in idle and active mode),

PDN GW and Serving GW selection, MME selection for handovers with MME change,
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SGSN selection for handovers to 2G or 3G 3GPP access networks, Roaming, Authentica-
tion, Bearer management functions including dedicated bearer establishment, Support for
PWS (which includes ETWS and CMAS) message transmission. The SAE gateway host
provides assorted functions including Per-user based packet filtering (by e.g. deep packet
inspection), Lawful Interception, UE IP address allocation, Transport level packet marking
in the downlink, UL and DL service level charging, gating and rate enforcement, DL rate
enforcement based on APN-AMBR. For clarity MME/SAE gateway 30 will be referred to
herein simply as a “gateway,” but it is understood that this entity includes both an MME
and an SAE gateway.

[0047] A plurality of nodes may be connected between eNodeB 20 and gateway 30
via the S1 interface. The eNodeBs 20 may be connected to each other via an X2 interface
and neighboring eNodeBs may have a meshed network structure ihat has the X2 interface.

[0048] As illustrated, eNodeB 20 may perform functions of selection for gateway 30,
routing toward the gateway during a Radio Resource Control (RRC) activation, scheduling
and transmitting of paging messages, scheduling and transmitting of Broadcast Channel
(BCCH) information, dynamic allocation of resources to UEs 10 in both uplink and down-
link, configuration and provisioning of eNodeB measurements, radio bearer control, radio
admission control (RAC), and connection mobility control in LTE_ACTIVE state. In the
EPC, and as noted above, gateway 30 may perform functions of paging origination, LTE-
IDLE state managemenf, ciphering of the user plane, System Architecture Evolution (SAE)
bearer control, and ciphering and integrity protection of Non-Access Stratum (NAS) signal-
ing.

[0049] The EPC inclﬁdes a mobility management entity (MME), a serving-gateway
(S-GW), and a packet data network-gateway (PDN-GW). The MME has information about

connections and capabilities of UEs, mainly for use in managing the mobility of the UEs.
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The S-GW is a gateway having the E-UTRAN as an end point, and the PDN-GW is a gate-
way having a packet data network (PDN) as an end point.

[0050] FIG. 3 is a diagram showing a control plane and a user plane of a radio inter-
face protocol between a UE and an E-UTRAN based on a 3GPP radio access network

standard. The control plane refers to a path used for transmitting control messages used for

managing a call between the UE and the E-UTRAN. The user plane refers to a path used

for transmitting data generated in an application layer, e.g., voice data or Internet packet
data.

[0051] A physical (PHY) layer of a first layer provides an information transfer ser-
vice to a higher layer using a physical channel. The PHY layer is connected to a medium
access control (MAC) layer located on the higher layer via a transport channel. Data is
transported between the MAC layer and the PHY layer via the transport channel. Data is
transported between a physical layer of a transmitting side and a physical layer of a receiv-
ing side via physical channels. The physical channels use time and frequency as radio re-
sources. In detail, the physical channel is modulated using an orthogonal frequency divi-
sion multiple access (OFDMA) scheme in downlink and is modulated using a single carrier
frequency division multiple access (SC-FDMA) scheme in uplink.

[0052] The MAC layer of a second layer provides a service to a radio link control
(RLC) layer of a higher layer via a logical channel. The RLC layer of the second layer sup-
ports reliable data transmission. A function of the RLC layer may be implemented by a
functional block of the MAC layer. A packet data convergence protocol (PDCP) layer of
the second layer performs a header compression function to reduce unnecessary control in-
formation for efficient transmission of an Internet protocol (IP) packet such as an IP version
4 (IPv4) packet or an IP version 6 (IPv6) packet in a radio interface having a relatively

small bandwidth.

10
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[0053] A radio resource control (RRC) layer located at the bottom of a third layer is
defined only in the control plane. The RRC layer controls logical channels, transport chan-
nels, and physical channels in relation to configuration, re-configuration, and release of ra-
dio bearers (RBs). An RB refers to a service that the second layer provides for data trans-
mission between the UE and the E-UTRAN. To this end, the RRC layer of the UE and the
RRC layer of the E-UTRAN exchange RRC messages with each other.

[0054] One cell of the eNB is set to operate in one of bandwidths such as 1.25, 2.5,
5, 10, 15, and 20 MHz and proVides a downlink or uplink transmission service to a plurality
of UEs in the bandwidth. Different cells may be set to provide different bandwidths.

[0055] Down}ink transport channels for transmission of data from the E-UTRAN to
the UE include a broadcast channel (BCH) for transmission of system information, a paging
channel (PCH) for transmission of paging messages, and a downlink shared channel (SCH)
for transmission of user traffic or control messages. Traffic or control messages of a down-
link multicast or broadcast service may be transmitted through the downlink SCH and may
also be transmitted through a separate downlink multicast channel (MCH).

[0056] Uplink transport channels for transmission of data from the UE to the E-
UTRAN include a random access channel (RACH) for transmission of initial control mes-
sages and an uplink SCH for transmission of user traffic or control messagés. Logical
channels that are defined above the transpoxt channels and mapped to the transport channels
include a broadcast control channel (BCCH), a paging control channel (PCCH), a common
control channel (CCCH), a multicast control channel (MCCH), and a multicast traffic chan-
nel (MTCH).

[0057) FIG. 4 is a view showing an example of a physical channel structure used in
an E-UMTS System. A physical channel includes several subframes on a time axis and sev-

eral subcarriers on a frequency axis. Here, one subframe includes a plurality of symbols on

11
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the time axis. One subframe includes a plurality of resource blocks and one resource block
includes a plurality of symbols and a plurality of subcarriers. In addition, each subframe
may use certain subcarriers of certain symbols (e.g., a first symbol) of a subframe for a
physical downlink control channel (PDCCH), that is, an L1/L2 control channel. In FIG. 4,
an L1/L2 control information transmission area (PDCCH) and a data area (PDSCH) are
shown. In one embodiment, a radio frame of 10 ms is used and one radio frame includes 10
subframes. In addition, one subframe includes two consecutive slots. The length of one
slot may be 0.5 ms. In addition, one subframe includes a plurality of OFDM symbols and a
portion (e.g., a first symbol) of the plurality of OFDM symbols may be used for transmitting
the L1/L2 control information. A transmission time interval (TTI) which is a unit time for
transmitting data is 1ms. |

[0058] A base station and a UE mostly transmit/receive data via a PDSCH, which is
a physical channel, using a DL-SCH which is a transmission channel, except a certain con-
trol signal or certain service data. Information indicating to which UE (one or a plurality of
UEs) PDSCH data is transmitted and how the UE receive and décode PDSCH data is
transmitted in a state of being included in the PDCCH.

[0059] For example, in one embodiment, a certain PDCCH is CRC-masked with a
radio network temporary identity (RNTI) “A” and information about data is transmitted us-
ing a radio resource “B” (e.g., a frequency location) and transmission format information
“C” (e.g., a transmission block size, modulation, coding information or the like) via a cer-
tain subframe. Then, one or more UEs located in a cell monitor the PDCCH using its RNTI
information. And, a specific UE with RNTI “A” reads the PDCCH and then receive the
PDSCH indicated by B and C in the PDCCH information.

[0060] FIG. 5 is a block diagram of a communication apparatus according to an em-

bodiment of the present invention.

12
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[0061] The apparatus shown in FIG. 5 can be a user equipment (UE) and/or eNB
adapted to perform the above mechanism, but it can be any apparatus for performing the
same operation.

[0062] As shown in FIG. 5, the apparatus may comprises a DSP/microprocessor
(110) and RF module (transmiceiver; 135). The DSP/microprocessor (110) is electrically
connected with the transciver (135) and controls it. The apparatus may further include
power management module (105), battery (155), display (115), keypad (120), SIM card
(125), memory device (130), speaker (145) and input device (150), based on its implemen-
tation and designer’s choice.

| [0063] Specifically, FIG. 5 may represent a UE comprising a receiver (135) config-
ured to receive a request message from a network, and a transmitter (135) configured to
transmit the transmission or reception timing information to the network. These receiver
and the transmitter can constitute the transceiver (135). The UE further comprises a proces-
sor (110) connected to the transceiver (135: receiver and transmitter).

[0064] Also, FIG. 5 may represent a network apparatus comprising a transmitter
(135) configured to transmit a request message to a UE and a receiver (135) configured to
receive the transmission or reception timing information from the UE. These transmitter
and receiver may constitute the transceiver (135). The network further comprises a proces-
sor (110) connected to the transmitter and the receiver. This processor (110) may be con-
figured to calculate latency based on the transrrﬁssion or reception timing information.

[0065] FIG. 6 is a diagram for carrier aggregation.

[0066] Carrier aggregation technology for supporting multiple carriers is described
with reference to FIG. 6 as follows. As mentioned in the foregoing description, it may be
able to support system bandwidth up to maximum 100 MHz in a manner of bundling maxi-

mum 5 carriers (component carriers: CCs) of bandwidth unit (e.g., 20 MHz) defined in a
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legacy wireless commﬁnication system (e.g., LTE system) by carrier aggregation. Compo-
nent carriers used for carrier aggregation may be equal to or different from each other in
bandwidth size. And, each of the component carriers may have a different frequency band
(or center frequency). The component carriers may exist on contiguous frequency bands.
Yet, component carriers existing on non-contiguous frequency bands may be used for carri-
er aggregation as well. In the carrier aggregation technology, bandwidth sizes of uplink and
downlink may be allocated symmetrically or asymmetrically.

[0067] Multiple carriers (component carriers) used for carrier aggregation may be
categorized into primary component carrier (PCC) and secondary component carrier (SCC).
The PCC may be called P-cell (primary cell) and the SCC may be called S-cell (secondary
cell). The primary component carrier is the carrier used by a base station to exchange traf-
fic and control signaling with a user equipment. In this case, the control signaling may in-
clude addition of component carrier, setting for primary component carrier, uplink (UL)
grant, downlink (DL) assignment and the like. Although a base station may be able to use a
plurality of Acomponent carriers, a user equipment belonging to the corresponding base sta-
tion may be set to have one primary component carrier only. If a user equipment operates
in a single carrier mode, the primary component carrier is used. Hence, in order to be inde-
pendently used, the primary component carrier should be set to meet all requirements for
the data and control signaling exchange between a base station and a user equipment.

[0068] Meanwhile, the secondary component carrier may include an additional
component carrier that can be activated or deactivated in accordance with a required size of
transceived data. The secondary component carrier may be set to be used only in accord-
ance with a spéciﬁc command and rule received from a base station. In order to support an
additional bandwidth, the secondary component carrier may be set to be used together with

the primary component carrier. Through an activated component carrier, such a control
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signal as a UL grant, a DL assignment and the like can be received by a user equipment
from a base station. Through an activated component carrier, such a control signal in UL as
a channel quality indicator (CQI), a precoding matrix index (PMI), a rank indicator (RI), a
sounding reference signal (SRS) and the like can be transmitted to a base station from a user
equipment.

[0069] Resource allocation to a user equipment can have a range of a primary com-
ponent carrier and a plurality of secondary component carriers. In a multi-carrier aggrega-
tion mode, based on a system load (i.e., static/dynamic load balancing), a peak data rate or a
service quality requiremént, a system may be able to allocate secondary component carriers
to DL and/or UL asymmetrically. In using the carrier aggregation technology, the setting of
the component carriers may be provided to a user equipment by a base station after RRC
connection procedure. In this case, the RRC connection may mean that a radio resource is
allocated to a user equipment based on RRC signaling exchanged between an RRC layer of
the user equipment and a network via SRB. After completibn of the RRC connection proce-
dure between the user equipment and the base station, the user equipment may be provided
by the base station with the setting information on the primary component carrier and the
secondary component carrier. The setting information on the secondary component carrier
may include addition/deletion (or activation/deactivation) of the secondary component car-
rier. Therefore, in order to activate a secondary component carrier between a base station
and a user equipment or deactivate a previous secondary component carrier, it may be nec-
essary to perform an exchange of RRC signaling and MAC control element.

[0070] The activation or deactivation of the secondary component carrier may be
determined by a base station based on a quality of service (QoS), a load condition of carrier
and other factors. And, the base station may be able to instruct a user equipment of second-

ary component carrier setting using a control message including such information as an in-
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dication type (activation/deactivation) for DL/UL, a secondary component carrier list and
the like.

[0071] FIG. 7 is a conceptual diagram for dual connectivity (DC) between a Master
Cell Group (MCS) and a Secondary Cell Group (SCG).

[0072] The dual connectivity means that the UE can be connected to both a Master
eNode-B (MeNB) and a Secondary eNode-B (SeNB) at the same time. The MCG is a
group of serving cells associated with the MeNB, comprising of a PCell and optionally one
or more SCells. And the SCG is a group of serving cells éssociated with the SeNB, com-
prising of the special SCell and optionally one or more SCells. The MeNB is an eNB which
terminates at least SI-MME (S1 for the control plane) and the SeNB is an eNB that is
providing additional radio resources for the UE but is not the MeNB.

[0073] The dual connectivity is a kind of carrier aggregation in that the UE is con-
figured a plurality serving cells. However, unlike all serving cells supporting carrier aggre-
gation of FIG. 8 are served by a same eNB, all serving cells supporting dual connectivity of
FIG. 10 are served by different eNBs, respectively at same time. The different eNBs are
connected via non-ideal backhaul interface because the UE is connected with the different
eNBs at same time. |

[0074] With dual connectivity, some of the data radio bearers (DRBs) can be of-
floaded to the SCG to provide high throughput while keeping scheduling radio bearers
(SRBs) or other DRBs in the MCG to reduce the handover possibility. The MCG is operat-
ed by the MeNB via the frequency of f1, and the SCG is operated by the SeNB via the fre-
quency of £2. The frequency f1 and f2 may be equal. The backhaul interface (BH) between
the MeNB and the SeNB is non-ideal (e.g. X2 interface), which means that there is consid-

erable delay in the backhaul and therefore the centralized scheduling in one node is not pos-

sible.
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[0075] FIG. 8a shows C-plane (Control Plane) connectivity of eNBs involved in du-
al connectivity for a certain UE: The MeNB is C-plane connected to the MME via S1-
MME, the MeNB and the SeNB are interconnected via X2-C (X2-Control plane). As FIG.
8a, Inter-eNB control plane signaling for dual connectivity is performed by means of X2
interface signaling. Control plane signaling towards the MME is performed by means of S1
interface signaling. There is only one S1-MME connection per UE between the MeNB and
the MME. Each eNB should be able to handle UEs independently, i.e. provide the PCell to
some UEs while providing SCell(s) for SCG to others. Each eNB involved in dual connec-
tivity for a certain UE owns its radio resources and is primarily responsible for allocating
radio resources of its cells, respective coordination between MeNB and SeNB is performed
by means of X2 interface signaling.

[0076] Figure 8b shows U-plane connectivity of eNBs involved in dual connectivity
for a certain UE. U-plane connectivity depends on the bearer option configured: i) For
MCG bearers, the MeNB is U-plane connected to the S-GW via S1-U, the SeNB is not in-
volved in the transpbrt of user plane data, ii) For split bearers, the MeNB is U-plane con-
nected to the S-GW via S1-U and in addition, the MeNB and the SeNB are interconnected
via X2-U, and iii) For SCG bearers, the SeNB is directly connected with the S-GW via S1-
U. If only MCG and split bearers are conﬁgured, there is no S1-U termination in the SeNB.
In the dual connectivity, enhancement of the small cell is required in order to data offload-
ing from the group of macro cells to the group of small cells. Since the small cells can be
deployed apart from the macro cells, multiple schedulers can be separately located in differ-
ent nodes and operate independently from the UE point of view. This means that different
scheduling node would encounter different radio resource environment, and hence, each

scheduling node may have different scheduling results.
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[0077] FIG. 9 is a conceptual diagram for radio protocol architecture for dual con-
nectivity.
[0078] E-UTRAN of the present example can support dual connectivity operation

whereby a multiple receptions/transmissions(RX/TX) UE in RRC_CONNECTED is con-
figured to utilize radio resources provided by two distinct schedulers, located in two eNBs
(or base stations) connected via a non-ideal backhaul over the X2 interface. The eNBs in-
volved in dual connectivity for a certain UE may assume two different roles: an eNB may
either act as the MeNB or as the SeNB. In dual connectivity, a UE can be connected to one
MeNB and one SeNB. |

[0079] In the dual connectivity operation, the radio protocol architecture that a par-
ticular bearer uses depends on how the bearer is setup. Three alternatives exist, MCG bear-
er (901), split bearer (903) and SCG bearer (905). Those three alternatives are depicted on
FIG. 9. The SRBs (Signaling Radio Bearers) are always of the MCG bearer and therefore
only use the radio resources provided by the MeNB. The MCG bearer (901) is a radio pro-
tocol only located in the MeNB to use MeNB resources only in the dual connectivity. And
the SCG bearer (905) is a radio protocol only located in the SeNB to use SeNB resources in
the dual connectivity.

[0080] Specially, the split bearer (903) is a radio protocol located in both the MeNB
and the SeNB to use both MeNB and SeNB resources in the dual connectivity and the split
bearer (903) may be a radio bearer comprising oﬁe Packet Data Convergence Protocol
(PDCP) entity, two Radio Link Control (RLC) entities and two Medium Access Control
(MAC) entities for one direction. Specially, the dual connectivity operation can also be de-
scribed as having at least one bearer configured to use radio resources provided by the

SeNB.
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[0081] The expected benefits of the split bearer (903) are: i) the SeNB mobility hid-
den to CN, ii‘) no security impacts with ciphering being required in MeNB only, iii) no data
forwarding between SeNBs required at SeNB change, iv) offloads RLC processing of SeNB
traffic from MeNB to SeNB, v) llittle or no impacts to RLC, vi) utilization of radio resources
across MeNB and SeNB for the same bearer possible, vii) relaxed requirements for SeNB
mobility (MeNB can be used in the meantime).

[0082] The expected drawbacks of the split bearer (903) are: i) need to route, pro-
cess and buffer all dual connectivity traffic in the MeNB, ii) a PDCP entity to become re-
sponsible for routing PDCP PDUs towards eNBs for transmission and reordering them for
reception, iii) flow control required between the MeNB and the SeNB, iv) in the uplink, log-
ical channel prioritization impacts for handling RLC retransmissions and RLC Status PDUs
(restricted to the eNB where the corresponding RLC entity resides) and v) no support of lo-
cal break-out and content caching at SeNB for dual connectivity UEs.

[0083] In dual connectivity, two MAC entities are configured in the- UE: one for the
MCG and one for the SCG. Each MAC entity is configured by RRC with a serving cell
supporting PUCCH transmission and contention based Random Access. The term SpCell
refers to such cell, whereas the term SCell refers to other serving cells. The term SpCell
either refers to the PCell of the MCG or the PSCell (Primary Secondary Cell) of the SCG
depending on if the MAC entity is associated to the MCG or the SCG, respectively. A Tim-
ing Advance Group containing the SpCell of a MAC entity is referred to as pTAG, whereas
the term sTAG refers to other TAGs.

[0084] The functions of the different MAC entities in the UE operate independently
if not otherwise indicated. The timers and paramenters used in each MAC entity are con-

figured independently if not otherwise indicated. The serving cells, C-RNTI, radio bearers,
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logical channels, upper and lower layer entities, LCGs, and HARQ entities considered by

each MAC entity refer to those mapped to that MAC entity if not otherwise indicated.

[0085] FIG. 10 is a diagram for a general overview of the LTE protocol architecture
for the downlink.
[0086] A general overview of the LTE protocol architecture for the downlink is il-

lustrated in FIG. 10. Furthermore, the LTE protocol structure related to uplink transmis-
sions is similar fo the downlink structure in FIG. 10, although there are differences with re-
spect to transport format selection and multi-antenna transmission.

[0087] Data to be transmitted in the downlink enters in the form of IP packets on
one of the SAE bearers (1001). Priof to transmission over the radio interface, incoming IP
packets are passed through multiple protocol entities, summarized below and described in
more detail in the following sections:

[0088] * Packet Data Convergence Protocol (PDCP, 1003) performs IP header
compression to redﬁce the number of bits necessary to transmit over the radio interface.
The header-compression mechanism is based on ROHC, a standardized header-compression
algorithm used in WCDMA as well as several other mobile-communication standards.
PDCP (1003) is also responsible for ciphering and integrity protection of the transmitted
data. At the receiver side, the PDCP protocol performs the corresponding deciphering and
decompression operations. There is one PDCP entity per radio bearer configured for a mo-
bile terminal.

[0089] * Radio Link Control (RLC, 1005) is responsible for segmenta-
tion/concatenation, retransmission handling, and in-sequence delivery to higher layers. Un-
like WCDMA, the RLC protocol is located in the eNodeB since fhere is only a single type

of node in the LTE radio-access-network architecture. The RLC (1005) offers services to
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the PDCP (1003) in the form of radio bearers. There is one RLC entity per radio bearer
configured for a terminal.

[0090] There is one RLC entity per logical channel configured for a terminal, where
each RLC entity is responsible for: i) segmentation, concatenation, and reassembly of RLC
SDUs; ii) RLC retransmission; and iii) in-sequence delivery and duplicate detection for the
corresponding logical channel.

[0091] Other noteworthy features of the RLC are: (1) the handling of varying PDU
sizes; and (2) the possibility for close interaction between the hybrid-ARQ and RLC proto-
cols. Finally, the fact that there is‘ one RLC entity per logical channel and one hybrid-ARQ
entity per component carrier implies that one RLC entity may interact with multiple hybrid-
ARQ entities in the case of carrier aggregation.

[0092] The purpose of the segmentation and concatenation mechanism is to generate
RLC PDUs of appropriate size from the incoming RLC SDUs. One possibility would be to
define a fixed PDU size, a size that would result in a compromise. If the size were too large,
it would not be possible to support the lowest data rates. Also, excessive padding would be
required in some scenarios. A single small PDU size, however, would result in a high over-
head from the header included with each PDU. To avoid these drawbacks, which is éspe-
cially important given the very large dynamic range of data rates supported by LTE, the
RLC PDU size varies dynamically.

[0093] In process of segmentation and concatenation of RLC SDUs into RLC PDUs,
a header includes, among other fields, a sequence number, which is used by the reordering
and retransmission mechanisms. The reassembly function at the receiver side performs the
reverse operétion to reassemble the SDUs from the received PDUs.

[0094] * Medium Access Control (MAC, 1007) handles hybrid-ARQ retransmis-

sions and uplink and downlink scheduling. The scheduling functionality is located in the
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eNodeB, which has one MAC entity per cell, for both uplink and downlink. The hybrid-
ARQ protocol part is present in both the transmitting and receiving end of the MAC proto-
col. The MAC (1007) offers services to the RLC (1005) in the form of logical channels
(1009).

[0095] * | Physical Layer (PHY, 1011), handles coding/decoding, modula-
tion/demodulation, multi-antenna mapping, and other typical physical layer functions. The

physical layer (1011) offers services to the MAC layer (1007) in the form of transport chan-

nels (1013).

[0096] FIG. 11 is a diagram for signaling of buffer status and power-headroom re-
ports.

[0097] The scheduler needs knowledge about an amount of data awaiting transmis-

sion from the terminals to assign the proper amount of uplink resources. Obviously, there is
no need to providé uplink resources to a terminal with no data to transmit as this would only
result in the terminal performing padding to fill up the granted resources. Hence, as a min-
imum, the scheduler needs to know whetﬁer the terminal has data to transmit and should be
given a grant. This is known as a scheduling request.

[0098] The use of a single bit for the scheduling request is motivated by the desire
to keep the uplink overhead small, as a multi-bit scheduling request would come at a higher
cost. A consequence of the single bit schedulihg request is the limited knowledge at the
eNodeB about the buffer situation at the terminal when receiving such a request. Different
scheduler implementations handle this differently. One possibility is to assign a small

amount of resources to ensure that the terminal can exploit them efficiently without becom-

| ing power limited. Once the tenﬁinal has started to transmit on the UL-SCH, more detailed

information about the buffer status and power headroom can be provided through the

inband MAC control message, as discussed below.
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[0099] Terminals that already have a valid grant obviously do not need to request
uplink resources. However, to allow the scheduler to determine the amount of resources to
grant to each terminal in future subframes, information about the buffer situation and the
power availability is useful, as discussed above. This information is provided to the sched-
uler as part of the uplink transmission through MAC control element. The LCID field in
one of the MAC subheaders is set to a reserved value indicating the presence of a buffer sta-
tus repqrt, as illustrated in FIG. 11.

[00100] Especially, to assist the scheduler in the selectioh of a combination of modu-
lation-and-coding scheme and resource size M that does not lead to the terminal being pow-
er limited, the terminal can be configured to provide regular power headroom reports on its
power usage. There is a separate transmit-power limitation for each component carrier.
Thus, power headroom should be measured and reported separately for each component
carrier.

[00101] There are two different Types of power-headroom reports defined for LTE
release 10, Type 1 and Type 2. Type 1 reporting reflects the power headroom assuming
PUSCH-only transmission on the carrier, while the Type2 report assumes combined
PUSCH and PUCCH transmission.

[00102] The Typel power headroom valid for a certain subframe, assuming that the
terminal was really scheduled for PUSCH transmission in that subframe, is given by the fol-
lowing expression:

[00103] [Equation 1]

Power Headroom = Poyax . = (Popusc + @ - PLpy +10 - log (M} + Ay + 6),

[00104] Where the values for M and AMCS correspond to the resource assignment
and modulation-and-coding scheme used in the subframe to which the power-headroom re-

port corresponds. It can be noted that the power headroom is not a measure of the difference
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between the maximum per-carrier transmit power and the actual carrier transmit power. It
can be seen that the power headroom is a measure of the difference between PCMAX,cand
the transmit power that would have been used assuming that there would have Been no up-
per limit on the transmit power. Thus, the power headroom can very well be negative. More
exactly, a negative power headroom indicates that the per-carrier transmit power was lim-
ited by PCMAXcat the time of the power headroom reporting. As the network knows what
modulation-and-coding scheme and resource size the terminal used for transmission in the
subframe to which the power-headroom report corresponds, it can determine what are the
valid combinations of modulation-and-coding scheme and resource size M, assuming that
the downlink path loss PLDLand the term & have not changed substantially.

[00105] Type 1 power headroom can also be reported for subframes where there is no
actual PUSCH transmission. In such cases, 10 « log 10 (M) and AMCS in the expression
above are set to zero:

[00106] [Equation 2]

Power Headroom = Fpy.y = (I{hmscﬁ ta-Ply + 6).

[00107] This can be seen as the power headroom assuming a default transmission
configuration corresponding to the minimum possible resource assignment (M=1) and the
modulation-and-coding scheme associated with A MCS=0 dB.

[00108] Similarly, Type2 power headroom reporting is defined as the difference be-
tween the maximum per-carrier transmit power and the sum of the PUSCH and PUCCH
transmit power respectively, once again not taking into account any maximum per-carrier
power when calculating the PUSCH and PUCCH transmit power.

[00109] Similar to Typel power headroom reporting, the Type2 power headroom can

also be reported for subframes in which no PUSCH and/or PUCCH is transmitted. In that

24



10

15

20

WO 2015/137661 PCT/KR2015/002125

case a virtual PUSCH and or PUCCH transmit power is calculated, assuming the smallest
possible resource assignment (M=1) and AMCS=0 dB for PUSCH and A Format=0 for
PUCCH. |

[00110] For the uplink, the power availability, or power headroom is defined as the
difference between the nominal maximum output power and the estimated output power for
UL-SCH transmission. This quantity can be positive as well as negative (on a dB scale),
where a negative value would indicate that the network has scheduled a higher data rate
than the terminal can support given its current power availability. The power headroom de-
pends on the power-control mechanism and thereby indirectly on factors such as the inter-
ference in the system and the distance to the base stations.

[00111] Information about the power headroom is fed back from the terminals to the
eNodeB in a similar way as the buffer-status reports—that is, only when the terminal is
scheduled to transmit on the UL-SCH. Typel reports are provided for all component carri-
ers simultaneously, while Type? reports are provided for the primary component carrier on-
ly.

[00112] The PHR trigger events are defined for a MAC entity as follows:

[00113] - Event 1: prohibitPHR-Timer expires or has expired and the path loss has
changed more than dl-PathlossChange dB for at least one activated Serving Cell which is
used as a pathloss reference since the last transmission of a PHR when the UE has UL re-
sources for new transmission; |

[00114] - Event 2: periodicPHR-Timer expires;

[00115] - Event 3: upon configuration or reconfiguration of the power headroom re-
porting functionality by upper layérs, which is not used to disable the function;

[00116] - Event 4: activation of an SCell with configured uplink.
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[00117] - Event 5: prohibitPHR-Timer expires or has expired, when the UE has UL
resources for new transmission, and the following is true in this TTI for any of the actived
Serving Cells with configured uplink: there are UL resources allocated for transmission or
there is a PUCCH transmission on this cell, and the required power backoff due to power
management (as allowed by P-MPR.) for this cell has changed more than dI-
PathlossChange dB since the last transmission of a PHR when the UE had UL resources
allocated for transmission or PUCCH transmission on this cell. |

[00118] FIG. 12 is a conceptual diagram for PHR MAC CE (Power Headroom Re-
porting MAC Control CE).

[00119] The Power Headroom MAC control element is identified by a MAC PDU
subheader with LCID as specified in Table 1. It has a fixed size and consists of a single oc-
tet defined as follows by Table 2.

[00120] [Table 1]

Index LCID values

00000 CCCH
00001-01010 Identity of the logical channel
01011-11000 Reserved .

11001 Extended Power Headroom Report

11010 Power Headroom Report

11011 C-RNTI

11100 Truncated BSR

11101 Short BSR

11110 Long BSR

11111 Padding

[00121] [Table 2]
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PH Power Headroom Level
POWER_HEADROOM_0O

0

1 POWER_HEADROOM_1
2 POWER_HEADROOM 2
3 POWER_HEADROOM_3

60 POWER_HEADROOM_60

61 POWER_HEADROOM_61
62 POWER_HEADROOM 62
63 POWER_HEADROOM_63

[00122] A field of R (1201) is a reserved bit and is set to "0".. And a field of PH
(1203) indicates the power headroom level. A léngth of the field of PH (1203) is 6 bits. The
reported PH and the corresponding power headroom levels are shown in Table 2 above.

[00123] FIG.13 is a conceptual diagram for Extended PHR MAC CE (Power Head-
room Reporting MAC Control CE).

[00124] The Extended Power Headroom MAC control element is identified by a
MAC PDU subheader with LCID as specified in the Table 1 above. It has a variable size
and is defined in FIG12. When Type 2 PH is reported, the octet containing the Type 2 PH
field is included first after the octet indicating the presence of PH per SCell and followed by
an octet containing the associated Pcmax field (if reported). Then follows in ascending or-
der based on the Serving Celllndex an octet with the Type 1 PH field and an octet with the
associated PCMAXc field (if reported), for the PCell and for each SCell indicatedl in the
bitmap. | |

[00125] The Extended Power Headroom MAC Control Element is defined as fol-
lows:

[00126] A field of ‘Ci’ (1301) indicates the presence of a PH field for the SCell with
SCell index i. The Ci field set to "1" indicates that a PH field for the SCell with SCell index
iis reported. The Ci field set to "0". indicates that a PH field for the SCell with SCell index i
is not reported; |

[00127] A field of ‘R’ (1303) is a reserved bit and is set to "0";
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[00128] A field of *V’ (1305) indicates if the PH value is based on a real transmissioh
or a reference format. For Type 1 PH, V=0 indicates real transmission on PUSCH and V=1
indicates that a PUSCH reference format is used. For Type 2 PH, V=0 indicates real trans-
mission on PUCCH and V=1 indicates that a PUCCH reference format is used; Furthermore,
for both Type 1 and Type 2 PH, V=0 indicates the presence of the octet containing the asso-
ciated Pcmaxc field, and V=1 indicates that the octet containing the associated Pcmax c field
is omitted;

[00129] A field of ‘PH’ (1307) indicates the power headroom level. The length of
the field is 6 bits. The reported PH and the corresponding power headroom levels are shown
in Table 2

[00130] A field of ‘P’ (1309) indicates whether the UE applies power backoff due to
power management as allowed by P-MPR,. The UE shall set P=1 if the corresponding
Pcmaxc field would have had a different value if no power backoff due to power manage-
ment had been applied,;

[00131] A field of ‘Pcmax’(1311) if present, this field indicates the Pcmaxe or

~

Forax.c used for calculation of the preceding PH field. The repérted Pcmaxc and the corre-

sponding nominai UE transmit power levels are shown in Table 3.

[00132] If the UE has UL resources allocated for new transmission for a TTI and if
the UE is configured to simultaneous PUCCH-PUSCH transmission, the Extended Power
Headroom MAC Control Element includes a value of a Type 2 power headroom for the cell
in the field of PH in a TTI. In this case, if the UE has a PUCCH transmission in the TTI,
the Extended Power Headroom MAC Control Element includes a value of the correspond-
ing PCMA}(,C field from a physical layer;

[00133]  [Table 3]
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PH Power Headroom Level
0 POWER_HEADROOM_O
1 POWER_HEADROOM_1
2 POWER HEADROOM 2
3 POWER_HEADROOM 3
60 POWER HEADROOM 60
61 POWER_HEADROOM 61
62 POWER HEADROOM 62
63 POWER _HEADROOM 63

[00134] The UE reports the power headroom (PH) information to the eNB in order
for the eNB to allocate more resource to the UE unless the allocated resource do not exceed
the amount of resource that UE can support given the UE’s maximum transmission power.
In detail, the UE reports all activated serving cells configured for the UE to the eNB using
MAC signaling, i.e., PHR MAC CE. When the UE reports the PH information of cells to
the corresponding eNB, as the eNB is aware of the scheduling information as well as the-
power headroom of the UE, the eNB can assess the exact power status of the UE.

[00135] In dual connectivity, as the UE is connected to more than one eNBs and .
scheduled by them, the UE has separate MAC entities correspond to each eNB. Thus, PHR
operation is re-considered in the following aspects: PHR configuration, PHR triggering,
PHR transmission.

[00136] 1) PHR configuration: as each eNB has different radio environment and
scheduling policy, PHR operation is independently performed by configuring PHR parame-
ters such as periodicPHR-Timer, prohibitPHR-Timer, and dl-PathlossChange per MAC en-
tity.

[00137] 2) PHR transmission: in dual coﬁnectivity, it is generally assumed that ex-
changing scheduling information between different eNBs over X2 non-ideal backhaul in
real time would not be possible. Without the latest scheduling information of other eNB,
the PH information of serving cells under control of other eNB might not be so useful be-

cause PH information cannot be understood or interpreted precisely without scheduling in-
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formation. However, as the UE has limited power in uplink, PH information of serving
cells of other eNB is still considered as useful as long as it provides any rough information
on power status in UE. Therefore, in dual connectivity, when reporting PH to one eNB, the
PH information of all activated serving cells is included in the PHR MAC CE.

[00138] 3) PHR triggering: currently, PHR is triggered by five events as specified in
above mentioned. As PHR itself can be seen as overhead, PHR should not be transmitted
wastefully. Thus, it can be considered as natural to trigger PHR only in the MAC entity
where the serving cell where PHR trigger event is met is belonging to. If PHR is triggered
in one MAC entity, it does not necessarily mean that PHR should be triggered in other
MAC entity. On the other hand, if PHR is triggered in one MAC entity; it may imply that
power status in the serving cells in other eNB. |

[00139] FIG. 14 is a conceptual diagram for triggering power headroom reporting in
a dual connectivity system according to embodiments of the present invention.

[00140] For a UE éonﬁgured with at least two MAC entities to connect to at least two
eNBs, i.e., one MAC entity for one eNB, in order to avoid excessive PHR transmission by
the UE, it is invented that when a PHR trigger event occurs in one MAC entity, the PHR is
triggered in the MAC entity or in all MAC entities depending on the type of PHR trigger
event. In detail, if PHR trigger event belongs to the first typé, the PHR is triggered in the
MAC entity where the PHR trigger event occurs. Otherwise, if PHR trigger event belongs
to the second type, the PHR is triggered in all MAC entities configured to the UE.

[00141] In detail, the UE configures a plurality of MAC entities (S1401), each MAC
entity corresponding to each eNB.

[00142] When an event for triggering PHR in a MAC entity of the plurality of MAC
entities (S1403) occurs, the UE checks whethef a type of the event for triggering PHR in a

MAC entity is a first type or a second type (S1405).
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[00143] If the type of the event is the first type event, the PHR is triggered in the plu-
rality of MAC entities (S1407). And a plurality of PHR MAC CEs is generated, wherein

the each PHR MAC CE is for each MAC entity (S1409). The respective plurality of PHR

MAC CEs is transmitted to respective eNBs (S1411).

[00144] .Preferably, the first type comprises 1) a prohibitPHR-Timer of the MAC enti-
ty expires or the prohibitPHR-Timer of the MAC entity has expired and and the path loss
has changed more than dl-PathlossChange dB for at least one activated Serving Cell belong-
ing to the MAC entity which is used as a pathloss reference since the last transmission of a
PHR to the corresponding eNB when the UE has UL resources for new transmission (Event
1), ii) an SCell belonging to the MAC entity with configured uplink is activated(Event 4),
and iii) the prohibitPHR-Timer of the MAC entity has expired when the UE has UL re-
sources for new transmission to a corresponding eNB and the following is true in this TTI
for any of the activated Serving Cells belonging to the MAC entity with configured up-
link(Event 5): there are UL resources allocated for transmission or there is a PUCCH trans-
mission on this cell, and the required power backoff due to power management (as allowed
by P-MPR,) for this cell has changed more than dl-PathlossChange dB since the last trans-
mission of a PHR to the corresponding eNB when the UE had UL resources allocated for
transmission or PUCCH transmission on this cell.

[00145] Preferably, the first type event is related to cell status change.

[00146] Preferably, the first type event is further comprises addition of a PSCell. Be-
cause the PSCell is also SCell, that the PSCell is added is corresponding to that the SCell
belonging to the MAC entity with configured uplink is activated. That is, Event 4 can in-

clude the case that PSCell is added. The PSCell is added after the PSCell is activated.

31



10

15

20

25

WO 2015/137661 PCT/KR2015/002125

[00147] If the type of the event is the second type event, the PHR is triggered in the
MAC entity (S1413). And a PHR MAC CE is generated for the MAC entity (S1415). The
generated PHR MAC CEs‘is transmitted to corresponding eNB (S1417).

[00148] Preferably, the second type comprises i) a periodicPHR-Timer of the MAC
entity expires (Event 2) and ii) upon configuration or reconfiguration of the power head-
room reporting functionality for the MAC entity by upper layers, which is not used to disa-
ble the function (Event 3). |

[00149] FIGs. 15 and 16 are conceptual diagrams for triggering power headroom re-
porting corresponding to a first type according to embodiments of the present invention.

[00150] = In case of the first type, the PHR is triggered in all MAC entities configured
to the UE when an event for triggering the PHR occurs in a MAC entity (steps of S1403 to
S1407).

[00151] Thus, in case that the UE configures a first MAC entity and a second MAC
entity (S1501), the UE triggers PHR in thevsecond MAC entity as well as in the first MAC
entity (S1505) ifa prohib'itPHR--timer for the first MAC entity expires (S1503).

[00152] Thus, in case that the UE configures a first MAC entity and a second MAC
entity (S1601), the UE triggers PHR in the second MAC entity as well as in the first MAC
entity (S1605) if at least one SCell for the first MAC entity is changed from deaétivate sta-
tus to activate status (S1603).

[00153] In conclusion, a power headroom report (PHR) shall be triggered if any of
the following events occur: |

[00154) i) prohibitPHR-Timer expires or haé expired and the path loss has changed
more than dl-PathlossChange dB for at least one activated serving cell of ‘any MAC entity’
which is used as a pathloss reference since the last transmission of a PHR in this MAC enti-

ty when the MAC entity has UL resources for new transmission;
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[00155] ii) periodicPHR-Timer expires;

[00156] iii) upon configuration or reconfiguration of the power headroom reporting
functionality by upper layers , which is not used to disable the function;

[00157] iv) activation of an SCell of ‘any MAC entity’ with configured uplink;

[00158] v) addition of the PSCeli; and

[00159] vi) prohibitPHR-Timer expires or has expired, when the MAC entity has UL

resources for new transmission, and the following is true in this TTI for any of the activated

serving cells of ‘any MAC entity’ with configured uplink: there are UL resources allocated

for transmission or there is a PUCCH transmission on this cell, and the required power
backoff due to power management (as allowed by P-MPR,) for this cell has changed more
than dl-PathlossChange dB since the last transmission of a PHR when the MAC entity had
UL resources allocated for transmission or PUCCH transmission on this cell.

[00160] Because the PHR is performed independently in unit of MAC entity, respec-
tive PHR is performed independently unless the condition of ‘any MAC entity’ is attached.
For example, when the periodicPHR-Timer for first MAC entity expires, the PHR is trig-
gered in only the first MAC entity. Otherwise, when prohibitPHR-Timer for the first MAC
entity expires, the PHR is triggered in all MAC entities.

[00161] It will be apparent to those skilled in the art that various modifications and
variations can be made in the present invention without departing from the spirit or scope of
the invention. Thus, it is intended that the present invention cover the modifications and
variations of this invention provided they come within the scope of the appended claims and
their equivalentsi.

[00162] The embodiments of the present invention described hereinbelow are combi-
nations of elements and features of the present invention. The elements or features may be

considered selective unless otherwise mentioned. Each element or feature may be practiced
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- without being combined with other elements or features. Further, an embodiment of the

present invention may be constructed by combining parts of the elements and/or features.
Operation orders described in embodiments of the present invention may be rearranged..
Some constructions of any one embodiment may be included in another embodiment and
may be replaced with corresponding constructions of another embodiment. It is obvious to
those skilled in the art that claims that are not explicitly cited in each other in the appended
claims may be presented in combination as an embodiment of the present invention or‘in-
cluded as a new claim by subsequent amendment after the application is filed.

[00163] In the embodiments of the present invention, a specific operation described
as performed by the BS may be performed by an upper node of the BS. Namely, it is ap-
parent that, in a network comprised of a plurality of network nodes including a BS, various
operations performed for communication with an MS may be performed by the BS, or net-
work nodes other than the BS. The term ‘eNB’ may be replaced with the term ‘fixed sta-
tion’, ‘Node B’, ‘Base Station (BS)’, ‘access point’, etc.

[00164] The above-described embodiments may be implemented by various means,
for example, by hardware, firmware, software, or a combination thereof.

[00165) In a hardware configuration, the method according to the embodiments of the
presént invention may be implemented by one or more Applicatioh Specific Integrated Cir-
cuits (ASICs), Digital Signal Processors (DSPs), Digital Signal Processing Devices
(DSPDs), Programmable Logic Devices (PLDs), Field Programmable Gate Arrays (FPGAs),
processors, controllers, microcontrollers, or microprocessors.

[00166] In a firmware or software configuration, the method according to the embod-
iments of the present invention may be implemented in the form of modules, procedures,
functions, etc. performing the above-described functions or operations. Software code may

be stored in a memory unit and executed by a processor. The memory unit may be located
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at the interior or exterior of the processor and may transmit and receive data to and from the
processor via various known means.

[00167] Those skilled in the art will appreciate that the present invention may be car-
ried out in other specific ways than those set forth herein without departing from the spirit
and essential characteristics of the present invention. The above embodiments are therefore
to be construed in all aspects as illustrative and not restrictive. The scope of the invention
should be determined by the appended claims and their legal equivalents, not by the above

description, and all changes coming within the meaning and equivalency range of the ap-

- pended claims are intended to be embraced therein.

[Industrial Applicability]
[00168] While the above-described method has been described centering on an ex-
ample applied to the 3GPP LTE system, the present invention is applicable to a variety of

wireless communication systems in addition to the 3GPP LTE system.
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[CLAIMS]

1. A method for a User Equipment (UE) operating in a wireless communication sys-
tem, the method comprising:

configuring a plurality of Medium Access Control (MAC) entities, each MAC entity
corresponding to each enhanced-NodeB (eNB);

occurring an event for triggering power headroom reporting (PHR) in a MAC entity
of the plurality of MAC entities; |

triggering the PHR in the plurality of MAC entities including the MAC entity if a
type of the event is a first type event; and

triggering the PHR in the MAC entity if the type of the event is a second type event.

2. The method according to claim 1, wherein the first type event comprises at bleast
one of the following evenfs:

a prohibitPHR-Timer of the MAC entity expires or has expired and path loss has
changed since the last PHR is larger than a threshold, |

an SCell belonging to the MAC entity with configured uplink is activated, or

the prohibitPHR-Timer of the MAC entity expires or has expired when the UE has

UL resources for new transmission to a corresponding eNB.

3. The method according to claim 1, wherein the second type event corhprises at
least one of the following events: a periodicPHR-Timer of the MAC entity expires, or upon
configuration or reconfiguration of the power headroom reporting functionality for the

MAC entity by upper layers, which is not used to disable the function.
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4. The method according to claim 1, wherein the first type event is related to cell sta-

tus change.

5. The method according to claim 2, wherein the first type event further comprises

5 anevent that a PSCell (Primary Secondary Cell) is added.

6. The method according to claim 1, further comprising:
generating a plurality of PHR MAC CEs (Control Elements) if the type of the event
is the first type event, wherein the each PHR MAC CE is for each MAC entity; and

10 transmitting each of the plurality of PHR MAC CE:s to respective eNBs.

7. The method according to claim 1, further comprising:
generating a PHR MAC CE (Control Elements) for the MAC entity if the type of the
event is the second type event; and

15 transmitting the PHR MAC CE to corresponding eNB.

8. A method for a User Equipment (UE) operating in a wireless communication sys-
tem, the method comprising:

configuring a first Medium Access Control (MAC) entity and a second MAC entity;

20 and

triggering power headroom reporting (PHR) in the second MAC entity if a

prohibitPHR-timer for the first MAC entity expires.

9. A method for a User Equipment (UE) operating in a wireless communication sys-

25  tem, the method comprising:
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configuring a first Medium Access Control (MAC) entity and a second MAC entity;
and
triggering power headroom reporting (PHR) in the second MAC entity if at least one

SCell for the first MAC entity is changed from deactivate status to activate status.

10. A communication apparatus adapted to carry out the method of any one of

claims 1 to 9.
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FIG. 15
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