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(57) Abstract [English]: The present invention provides a method of receiving a timing advance command in a wireless 
communication system. A terminal receives information on a time advance group from a base station, and also receives the timing 
advance command corresponding to the time advance group from the base station. 

(57) Abstract [Korean]: 무선 통신 시스템에서 시간 동기 명 령을 수신하는 방법이 제공된다. 단말은 기지국 으로부터 
간 동기 그룹에 관한 정보를 수신하 고 , 상기 기지국으로부터 상기 시간 동기 그룹에 대응되는 시간 동기 명령 (timing 
advance command) 을 수신한다 
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METHOD AND APPARATUS FOR RECEIVING A TIMING ADVANCE 

COMMAND IN A WIRELESS COMMUNICATION SYSTEM 
 
 
TECHNICAL FIELD 

[1] The present invention relates to wireless communications, and more particularly, to a 
method of receiving a timing advance command and a method of transmitting the timing 
alignment command in a wireless communication system. 

BACKGROUND ART 

[2] 3rd generation partnership project (3GPP) long term evolution (LTE) is an improved 
version of a universal mobile telecommunication system (UMTS) and is introduced as the 
3GPP release 8. The 3GPP LTE uses orthogonal frequency division multiple access 
(OFDMA) in a downlink, and uses single carrier-frequency division multiple access (SC-
FDMA) in an uplink. The 3GPP LTE employs multiple input multiple output (MIMO) 
having up to four antennas. In recent years, there is an ongoing discussion on 3GPP LTE-
advanced (LTE-A) that is an evolution of the 3GPP LTE. 

[3] The 3GPP LTE-A employs various techniques such as carrier aggregation, relay, etc. The 
3GPP LTE system is a single carrier system supporting only one bandwidth (i.e., one 
component carrier) among {1.4, 3, 5, 10, 15, 20}MHz. On the other hand, the LTE-A 
employs multiple carriers using carrier aggregation. The component carrier is defined 
with a center frequency and a bandwidth. The component carrier may correspond to one 
cell. A multiple carrier system uses a plurality of component carriers having a narrower 
bandwidth than a full bandwidth. 

[4] To decrease interference caused by uplink transmission between user equipments (UEs), 
it is important for a base station (BS) to maintain uplink time alignment of the UEs. The 
UE may be located in any area in a cell. An uplink signal transmitted by the UE may 
arrive to the BS at a different time according to the location of the UE. A signal arrival 
time of a UE located in a cell edge is longer than a signal arrival time of a UE located in a 
cell center. On the contrary, the signal arrival time of the UE located in the cell center is 
shorter than the signal arrival time of the UE located in the cell edge. 

[5] To decrease interference between the UEs, the BS needs to performing scheduling so that 
uplink signals transmitted by the UEs in the cell can be received within a boundary every 
time. The BS has to properly regulate transmission timing of each UE according to a 
situation of each UE. Such a regulation is called maintenance of time alignment. 

[6] As multiple carriers are introduced, uplink time alignment needs to be maintained in each 
component carrier (or serving cell). A signaling overhead for maintaining the uplink time 
alignment may increase in proportion to the number of component carriers. 
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[7] Accordingly, there is a need for a method of maintaining uplink time alignment for a 
plurality of component carriers. 

DISCLOSURE 
Technical Problem 

[8] The present invention provides a method and apparatus for receiving a timing alignment 
command for a plurality of serving cells. 

[9] The present invention also provides a method and apparatus for transmitting a timing 
alignment command for a plurality of serving cells. 

Technical Solution 

[10] In an aspect, a method of receiving a timing advance command by a user equipment in a 
wireless communication system is provided. The method includes receiving information 
regarding a time alignment group from a base station, and receiving the timing advance 
command corresponding to the time alignment group from the base station. 

[11] The method may further includes applying the timing advance command to at least one 
serving cell belonging to the time alignment group. 

[12] The information regarding the time alignment group may include information regarding a 
time alignment group identifier. 

[13] The timing advance command may be received together with the time alignment group 
identifier. 

[14] The time alignment group identifier may be a logical channel identifier. 

[15] The time alignment group identifier may be included in a medium access control (MAC) 
control element (CE). 

[16] The time alignment group identifier may be included in a MAC sub-header. 

[17] The time alignment group may be determined based on a serving cell in which the timing 
advance command is received. 

[18] The step of applying of the timing advance command to the at least one serving cell 
belonging to the time alignment group may include restarting an uplink alignment timer 
for the time alignment group. 

[19] The timing advance command may be for uplink time alignment. 

[20] In another aspect, a method of transmitting a timing advance command by a base station 
in a wireless communication system is provided. The method includes transmitting 
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information regarding a time alignment group to a user equipment, and transmitting the 
timing advance command corresponding to the time alignment group to the user 
equipment. 

Advantageous Effects 

[21] A plurality of serving cells are grouped, and the same uplink time alignment value is 
applied to each group. A signaling overhead for maintaining uplink time alignment 
between a base station and a user equipment can be decreased. 

DESCRIPTION OF DRAWINGS 

[22] FIG. 1 shows a wireless communication system to which the present invention is applied. 

[23] FIG. 2 is a diagram illustrating a radio protocol architecture for a user plane. 

[24] FIG. 3 is a diagram illustrating a radio protocol architecture for a control plane. 

[25] FIG. 4 shows an example of multiple carriers. 

[26] FIG. 5 shows a second-layer structure of a base station for multiple carriers. 

[27] FIG. 6 shows a second-layer structure of a user equipment for multiple carriers. 

[28] FIG. 7 shows a structure of a medium access control (MAC) protocol data unit (PDU) in 
3rd generation partnership project (3GPP) long term evolution (LTE). 

[29] FIG. 8 shows various examples of a MAC sub-header. 

[30] FIG. 9 shows an example of a MAC control element (CE) including a time alignment 
group identifier. 

[31] FIG. 10 shows an example of a time alignment group identifier using a bitmap. 

[32] FIG. 11 is a flowchart showing a method of maintaining uplink time alignment according 
to an embodiment of the present invention. 

[33] FIG. 12 is a block diagram showing a wireless communication system for implementing 
an embodiment of the present invention. 

MODE FOR INVENTION 

[34] FIG. 1 shows a wireless communication system to which the present invention is applied. 
The wireless communication system may also be referred to as an evolved-UMTS 
terrestrial radio access network (E-UTRAN) or a long term evolution (LTE)/LTE-A 
system. 
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[35] The E-UTRAN includes at least one base station (BS) 20 which provides a control plane 
and a user plane to a user equipment (UE) 10. The UE 10may be fixed or mobile, and 
may be referred to as another terminology, such as a mobile station (MS), a user terminal 
(UT), a subscriber station (SS), a mobile terminal (MT), a wireless device, etc. 
The BS 20 is generally a fixed station that communicates with the UE 10 and may be 
referred to as another terminology, such as an evolved node-B (eNB), a base transceiver 
system (BTS), an access point, etc. 

[36] The BSs 20 are interconnected by means of an X2 interface. The BSs 20are also 
connected by means of an S1 interface to an evolved packet core (EPC) 30, more 
specifically, to a mobility management entity (MME) through S1-MME and to a serving 
gateway (S-GW) through S1-U. 

[37] The EPC 30 includes an MME, an S-GW, and a packet data network-gateway (P-GW). 
The MME has access information of the UE or capability information of the UE, and 
such information is generally used for mobility management of the UE. The S-GW is a 
gateway having an E-UTRAN as an end point. The P-GW is a gateway having a PDN as 
an end point. 

[38] A radio interface between the UE and the BS is called a Uu interface. Layers of a radio 
interface protocol between the UE and the network can be classified into a first layer 
(L1), a second layer (L2), and a third layer (L3) based on the lower three layers of the 
open system interconnection (OSI) model that is well-known in the communication 
system. Among them, a physical (PHY) layer belonging to the first layer provides an 
information transfer service by using a physical channel, and a radio resource control 
(RRC) layer belonging to the third layer serves to control a radio resource between the 
UE and the network. For this, the RRC layer exchanges an RRC message between the UE 
and the BS. 

[39] FIG. 2 is a diagram illustrating a radio protocol architecture for a user plane. FIG. 3 is a 
diagram illustrating a radio protocol architecture for a control plane. The user plane is a 
protocol stack for user data transmission. The control plane is a protocol stack for control 
signal transmission. 

[40] Referring to FIGS. 2 and 3, a PHY layer provides an upper layer with an information 
transfer service through a physical channel. The PHY layer is connected to a medium 
access control (MAC) layer which is an upper layer of the PHY layer through a transport 
channel. Data is transferred between the MAC layer and the PHY layer through the 
transport channel. The transport channel is classified according to how and with what 
characteristics data is transmitted through a radio interface. 

[41] Between different PHY layers, i.e., a PHY layer of a transmitter and a PHY layer of a 
receiver, data are transferred through the physical channel. The physical channel is 
modulated using an orthogonal frequency division multiplexing (OFDM) scheme, and 
utilizes time and frequency as a radio resource. 
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[42] A function of the MAC layer includes mapping between a logical channel and a transport 
channel and multiplexing/de-multiplexing on a transport block provided to a physical 
channel over a transport channel of a MAC service data unit (SDU) belonging to the 
logical channel. The MAC layer provides a service to a radio link control (RLC) layer 
through the logical channel. 

[43] A function of the RLC layer includes RLC SDU concatenation, segmentation, and 
reassembly. To ensure a variety of quality of service (QoS) required by a radio bearer 
(RB), the RLC layer provides three operation modes, i.e., a transparent mode (TM), an 
unacknowledged mode (UM), and an acknowledged mode (AM). The AM RLC provides 
error correction by using an automatic repeat request (ARQ). 

[44] Functions of a packet data convergence protocol (PDCP) layer in the user plane include 
user data delivery, header compression, and ciphering. Functions of a PDCP layer in the 
control plane include control-plane data delivery and ciphering/integrity protection. 

[45] A radio resource control (RRC) layer is defined only in the control plane. The RRC layer 
serves to control the logical channel, the transport channel, and the physical channel in 
association with configuration, reconfiguration and release of radio bearers (RBs). 

[46] An RB is a logical path provided by the first layer (i.e., the PHY layer) and the second 
layer (i.e., the MAC layer, the RLC layer, and the PDCP layer) for data delivery between 
the UE and the network. The configuration of the RB implies a process for specifying a 
radio protocol layer and channel properties to provide a particular service and for 
determining respective detailed parameters and operations. The RB can be classified into 
two types, i.e., a signaling RB (SRB) and a data RB (DRB). The SRB is used as a path 
for transmitting an RRC message in the control plane. The DRB is used as a path for 
transmitting user data in the user plane. 

[47] When an RRC connection is established between an RRC layer of the UE and an RRC 
layer of the network, the UE is in an RRC connected state, and otherwise the UE is in an 
RRC idle state. 

[48] Data is transmitted from the network to the UE through a downlink transport channel. 
Examples of the downlink transport channel include a broadcast channel (BCH) for 
transmitting system information and a downlink-shared channel (SCH) for transmitting 
user traffic or control messages. The user traffic of downlink multicast or broadcast 
services or the control messages can be transmitted on the downlink-SCH or an 
additional downlink multicast channel (MCH). Data are transmitted from the UE to the 
network through an uplink transport channel. Examples of the uplink transport channel 
include a random access channel (RACH) for transmitting an initial control message and 
an uplink SCH for transmitting user traffic or control messages. 

[49] Examples of logical channels belonging to a higher channel of the transport channel and 
mapped onto the transport channels include a broadcast channel (BCCH), a paging 
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control channel (PCCH), a common control channel (CCCH), a multicast control channel 
(MCCH), a multicast traffic channel (MTCH), etc. 

[50] Now, maintenance of uplink time alignment of 3GPP LTE will be described. 

[51] To decrease interference caused by uplink transmission between UEs, it is important for a 
BS to maintain uplink time alignment of the UEs. The UE may be located in any area in a 
cell. An uplink signal transmitted by the UE may arrive to the BS at a different time 
according to the location of the UE. A signal arrival time of a UE located in a cell edge is 
longer than a signal arrival time of a UE located in a cell center. On the contrary, the 
signal arrival time of the UE located in the cell center is shorter than the signal arrival 
time of the UE located in the cell edge. 

[52] To decrease interference between the UEs, the BS needs to performing scheduling so that 
uplink signals transmitted by the UEs in the cell can be received within a boundary every 
time. The BS has to properly regulate transmission timing of each UE according to a 
situation of each UE. Such a regulation is called maintenance of time alignment. 

[53] A random access procedure is one of methods for managing time alignment. The UE 
transmits a random access preamble to the BS. The BS calculates a time alignment value 
for advancing or delaying transmission timing of the UE on the basis of the received 
random access preamble. In addition, the BS transmits a random access response 
including the calculated time alignment value to the UE. The UE updates the 
transmission timing by using the time alignment value. 

[54] In another method, the BS receives a sounding reference signal from the UE periodically 
or randomly, calculates the time alignment value of the UE by using the sounding 
reference signal, and reports a MAC control element (CE) to the UE. 

[55] The time alignment value sent by the BS to the UE to maintain uplink time alignment is 
called a timing alignment command or a timing advance command. 

[56] Since the UE has mobility in general, the transmission timing of the UE varies depending 
on a moving speed, a location, or the like of the UE. Therefore, the time alignment value 
received by the UE is preferably valid during a specific time period. For this, a time 
alignment timer is used. 

[57] When time alignment is updated after receiving the time alignment value from the BS, 
the UE starts or restarts the time alignment timer. The UE can perform uplink 
transmission only when the time alignment timer is running. A value of the time 
alignment timer may be reported by the BS to the UE by using system information or an 
RRC message such as a radio bearer reconfiguration message. 

[58] When the time alignment timer expires or when the time alignment timer does not run, 
the UE does not transmit any uplink signal except for the random access preamble under 
the assumption that time alignment is not achieved between the BS and the UE. 
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[59] FIG. 7 shows a structure of a MAC PDU in 3GPP LTE. 

[60] The MAC PDU includes a MAC header, a MAC control element (CE), and at least one 
MAC service data unit (SDU). The MAC header includes at least one sub-header. Each 
sub-header corresponds to the MAC CE and the MAC SDU. The sub-header has the 
same length and property as the MAC CE and the MAC SDU. The MAC SDU is a data 
block provided from a higher layer (e.g., an RLC layer or an RRC layer) of a MAC layer. 
The MAC CE is used to deliver control information of the MAC layer such as a buffer 
status report. 

[61] FIG. 8 shows various examples of a MAC sub-header. 

[62] Descriptions on each field are as follows. 

[63] - R (1 bit): A reserved field. 

[64] - E (1 bit): An extended field. It indicates whether there are F and L fields in a next field. 

[65] - LCID (5 bit): A logical channel ID field. It indicates a type of the MAC CE or a specific 
logical channel to which the MAC SDU belongs. 

[66] - F (1 bit): A format field. It indicates whether a next L field has a size of 7 bits or 15 bits. 

[67] - L (7 or 15 bit): A length field. It indicates a length of the MAC CE or MAC SDU 
corresponding to the MAC sub-header. 

[68] The F and L fields are not included in a MAC sub-header corresponding to a fixed-sized 
MAC CE. 

[69] (A) and (B) of FIG. 8 show exemplary structures of a MAC sub-header corresponding to 
a variable-sized MAC CE and MAC SDU. (C) of FIG. 8shows an exemplary structure of 
a MAC sub-header corresponding to a fixed-sized MAC CE. 

[70] Now, a multiple carrier system will be described. 

[71] A 3GPP LTE system supports a case where a downlink bandwidth and an uplink 
bandwidth are set differently under the premise that one component carrier (CC) is used. 
The CC is defined with a center frequency and a bandwidth. This implies that the 3GPP 
LTE is supported only when the downlink bandwidth and the uplink bandwidth are 
identical or different in a situation where one CC is defined for each of a downlink and an 
uplink. For example, the 3GPP LTE system supports up to 20 MHz and the uplink 
bandwidth and the downlink bandwidth may be different from each other, but supports 
only one CC in the uplink and the downlink. 

[72] Spectrum aggregation (or bandwidth aggregation, also referred to as carrier aggregation) 
supports a plurality of CCs. The spectrum aggregation is introduced to support an 
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increasing throughput, to prevent a cost increase caused by using a broadband radio 
frequency (RF) element, and to ensure compatibility with legacy systems. 

[73] FIG. 4 shows an example of multiple carriers. There are five CCs, i.e., CC #1, CC #2, CC 
#3, CC #4, and CC #5, each of which has a bandwidth of 20 MHz. Therefore, if the five 
CCs are allocated in a granularity of a CC unit having the bandwidth of 20 MHz, a 
bandwidth of up to 100 MHz can be supported. 

[74] The bandwidth of the CC or the number of the CCs are exemplary purposes only. Each 
CC may have a different bandwidth. The number of downlink CCs and the number of 
uplink CCs may be identical to or different from each other. 

[75] FIG. 5 shows a second-layer structure of a BS for multiple carriers. FIG. 6shows a 
second-layer structure of a UE for multiple carriers. 

[76] A MAC layer can manage one or more CCs. One MAC layer includes one or more 
HARQ entities. One HARQ entity performs HARQ on one CC. Each HARQ entity 
independently processes a transport block on a transport channel. Therefore, a plurality of 
HARQ entities can transmit or receive a plurality of transport blocks through a plurality 
of CCs. 

[77] One CC (or a CC pair of a downlink CC and an uplink CC) may correspond to one cell. 
When a synchronous signal and system information are provided by using each downlink 
CC, it can be said that each downlink CC corresponds to one serving cell. When the UE 
receives a service by using a plurality of downlink CCs, it can be said that the UE 
receives the service from a plurality of serving cells. 

[78] The BS can provide the plurality of serving cells to the UE by using the plurality of 
downlink CCs. Accordingly, the UE and the BS can communicate with each other by 
using the plurality of serving cells. 

[79] Since the plurality of serving cells have different center frequencies, uplink time 
alignment needs to be regulated for each serving cell. 

[80] However, an overhead caused by signaling for transmission of a time alignment value 
may increase in proportion to the number of serving cells. If the time alignment value for 
one serving cell can be transmitted using one MAC CE similarly to the conventional 
3GPP LTE, it is required to transmit 4 MAC CEs to maintain the uplink time alignment 
for 4 serving cells. 

[81] According to a frequency property of the serving cells, there may be serving cells having 
similar time alignment properties. The similar time alignment property implies that the 
serving cells have similar time alignment values. For example, serving cells using 
contiguous frequency bands may have the similar time alignment properties. 
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[82] A method for optimizing signaling for uplink time alignment regulation between serving 
cells having similarly time alignment properties is proposed. 

[83] According to the present invention, a method of grouping serving cells by using 
similarities in the change of time alignment and managing a timing alignment command 
for each group will be proposed. 

[84] Management of the timing alignment command proposed for each group can be allowed 
if carrier aggregation is possible. 

[85] Management of the timing alignment command proposed for each group can be allowed 
if a plurality of time alignment values are required. 

[86] Grouping of the serving cells may be performed by the BS. The BS may report the 
grouping result to the UE. The BS determines a specific time alignment group to which 
each serving cell is included, and reports group information to the UE. The group 
information may be transmitted to the UE by using an RRC message, a MAC message, 
and/or a PDCCH message. 

[87] Each of the UE and the BS may perform grouping by using a pre-defined method. 
Information related to the pre-defined method may be transmitted by the BS to the UE by 
using the RRC message, the MAC message, and/or the PDCCH message. 

[88] The pre-defined method may be based on a frequency band of each serving cell. It is 
defined that serving cells using a frequency band included in a specific frequency band 
belong to the same time alignment group. For example, it is assumed that frequencies X1 
and X2 are included in a frequency band X, and frequencies Y1 and Y2 are included in a 
frequency band Y. Further, it is also assumed that a 1st serving cell using the frequency 
X1 and a 2nd serving cell using the frequency Y1 are assigned to the UE. If the BS 
additionally assigns a 3rd serving cell which uses the frequency Y2 to the UE, the UE 
and the BS may determine that the 3rd serving cell is included in the same time alignment 
group as the 2nd serving cell. 

[89] The time alignment group includes one or more serving cells (or CCs) which use the 
same time alignment value to maintain uplink time alignment. 

[90] A time alignment value for a specific time alignment group is valid only for serving cells 
of the time alignment group. 

[91] The time alignment group can be identified by using a time alignment group identifier 
(ID). The BS may allocate the time alignment group ID to which the serving cell belongs, 
when assigning the serving cell to the UE. The UE and the BS determine that serving 
cells which use the same time alignment group ID are included in the same time 
alignment group. 
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[92] The BS may transmit the time alignment group ID together when sending a time 
alignment value for a specific time alignment group to the UE. The UE may apply the 
time alignment value to the serving cells identified by the time alignment group ID. 

[93] The time alignment group ID can be expressed by using various methods. 

[94] In one embodiment, a logical channel ID (LCID) included in a MAC sub-header may be 
used as the time alignment group ID for each time alignment group. As shown in FIG. 7, 
a MAC protocol data unit (PDU) includes a MAC header, a MAC service data unit 
(SDU), and a MAC CE. The MAC header includes at least one MAC sub-header. 

[95] Time alignment groups are mapped to respective logical channel IDs. The MAC CE 
including a time alignment value and the MAC sub-header including the LCID are 
included in the MAC PDU. Upon receiving the MAC PDU, the UE identifies the time 
alignment group on the basis of the LCID, and applies the time alignment value to 
serving cells included in the time alignment group. 

[96] In another embodiment, some of bits included in the MAC CE may be used as the time 
alignment group ID. Since 2 bits are reserved in the MAC CE indicating the previous 
time alignment value, the reserved bits may be used as the time alignment group ID. FIG. 
9 shows an example of the MAC CE including the time alignment group ID. 

[97] In another embodiment, the time alignment group ID may be a bitmap indicating a time 
alignment value for each time alignment group. 

[98] FIG. 10 shows an example of a time alignment group ID using a bitmap. Assume that 
there are two time alignment groups. A MAC CE includes a 1st time alignment value for 
a 1st time alignment group and a 2nd time alignment value for a 2nd time alignment 
group. A time alignment group ID having a bitmap ‘10’ indicates the 1st time alignment 
group. A time alignment group ID having a bitmap ‘01’ indicates the 2nd time alignment 
group. 

[99] To determine a time alignment group to which the time alignment value is applied, a UE 
may use information regarding a serving cell in which the time alignment value is 
received. Assume that a time alignment group to which each serving cell belongs is pre-
known to both the UE and a BS. The BS transmits the time alignment value to the UE by 
using a serving cell belonging to a specific time alignment group. The UE applies the 
time alignment value to serving cells belonging to the time alignment group including the 
serving cell in which the time alignment value is received. 

[100] FIG. 11 is a flowchart showing a method of maintaining uplink time alignment according 
to an embodiment of the present invention. 

[101] A BS delivers time alignment group information to a UE (step S810). The time alignment 
group information may include information regarding a plurality of time alignment 
groups including at least one serving cell. When the serving cell is added or modified by 
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using an RRC connection reconfiguration message, the BS may transmits information 
regarding a time alignment group including the serving cell to the UE. The time 
alignment group information may include a time alignment group ID. 

[102] One time alignment timer runs for each time alignment group. After being completely 
connected to the BS, the UE may apply a time alignment value included in a random 
access response and then may start the time alignment timer. 

[103] When there is a need to regulate uplink time alignment of a specific serving cell or 
serving cells belonging to a specific time alignment group, the BS transmits the time 
alignment value to the UE (step S820). While the time alignment timer is running, the 
time alignment value may be transmitted by being included in a MAC PDU and/or the 
random access response. The time alignment group ID may be transmitted to the UE in 
addition to the time alignment value. 

[104] The UE applies the time alignment value to serving cells belonging to the time alignment 
group (step S830). The UE may use the aforementioned method of determining the time 
alignment group to determine a time alignment group to which the time alignment value 
is applied. The time alignment group can be identified by the time alignment group ID. 
Alternatively, the time alignment group can be determined based on a serving cell in 
which the time alignment value is transmitted. 

[105] When the time alignment value is applied, the UE starts or restarts a time alignment timer 
of the time alignment group. At the expiry of the time alignment timer, the UE may 
inactivate serving cells in the time alignment group or may release an uplink resource. 
The UE does not transmit any other uplink signals except for a random access preamble 
to inactive serving cells until receiving a command for activating the inactive serving 
cells from the BS. 

[106] FIG. 12 is a block diagram showing a wireless communication system for implementing 
an embodiment of the present invention. 

[107] A BS 50 includes a processor 51, a memory 52, and a radio frequency (RF) unit 53. 
The memory 52 is coupled to the processor 51, and stores a variety of information for 
driving the processor 51. The RF unit 53 is coupled to the processor 51, and transmits 
and/or receives a radio signal. The processor 51 implements the proposed functions, 
procedures, and/or methods. In the embodiment of FIG. 11, the operation of 
the BS 50 can be implemented by the processor 51. 

[108] A UE 60 includes a processor 61, a memory 62, and an RF unit 63. The memory 62 is 
coupled to the processor 61, and stores a variety of information for driving 
the processor 61. The RF unit 63 is coupled to the processor 61, and transmits and/or 
receives a radio signal. The processor61 implements the proposed functions, procedures, 
and/or methods. In the embodiment of FIG. 11, the operation of the UE 60 can be 
implemented by the processor 61. 
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[109] The processor may include application-specific integrated circuit (ASIC), other chipset, 
logic circuit and/or data processing device. The memory may include read-only memory 
(ROM), random access memory (RAM), flash memory, memory card, storage medium 
and/or other storage device. The RF unit may include baseband circuitry to process radio 
frequency signals. When the embodiments are implemented in software, the techniques 
described herein can be implemented with modules (e.g., procedures, functions, and so 
on) that perform the functions described herein. The modules can be stored in memory 
and executed by processor. The memory can be implemented within the processor or 
external to the processor in which case those can be communicatively coupled to the 
processor via various means as is known in the art. 

[110] In view of the exemplary systems described herein, methodologies that may be 
implemented in accordance with the disclosed subject matter have been described with 
reference to several flow diagrams. While for purposed of simplicity, the methodologies 
are shown and described as a series of steps or blocks, it is to be understood and 
appreciated that the claimed subject matter is not limited by the order of the steps or 
blocks, as some steps may occur in different orders or concurrently with other steps from 
what is depicted and described herein. Moreover, one skilled in the art would understand 
that the steps illustrated in the flow diagram are not exclusive and other steps may be 
included or one or more of the steps in the example flow diagram may be deleted without 
affecting the scope and spirit of the present disclosure. 

 

CLAIMS 

[Claim 1] A method of receiving a timing advance command by a user equipment in a 
wireless communication system, the method comprising: 

receiving information regarding a time alignment group from a base station; and 

receiving the timing advance command corresponding to the time alignment 
group from the base station. 

[Claim 2] The method of claim 1, further comprising: 

applying the timing advance command to at least one serving cell belonging to the 
time alignment group. 

[Claim 3] The method of claim 1, wherein the information regarding the time alignment 
group includes information regarding a time alignment group identifier. 

[Claim 4] The method of claim 1, wherein the timing advance command is received together 
with the time alignment group identifier. 

IPR2025-00720, OnePlus Ex. 1012 
Page  16 of 25



WO 2011/084005  PCT/KR2011/000111 

[Claim 5] The method of claim 4, wherein the time alignment group identifier is a logical 
channel identifier. 

[Claim 6] The method of claim 4, wherein the time alignment group identifier is included in 
a medium access control (MAC) control element (CE). 

[Claim 7] The method of claim 4, wherein the time alignment group identifier is included in 
a MAC sub-header. 

[Claim 8] The method of claim 1, wherein the time alignment group is determined based on 
a serving cell in which the timing advance command is received. 

[Claim 9] The method of claim 2, wherein the applying of the timing advance command to 
the at least one serving cell belonging to the time alignment group comprises 
restarting an uplink alignment timer for the time alignment group. 

[Claim 10]  The method of claim 4, wherein the timing advance command is for uplink time 
alignment. 

[Claim 11] A method of transmitting a timing advance command by a base station in a 
wireless communication system, the method comprising: 

transmitting information regarding a time alignment group to a user equipment; 
and 

transmitting the timing advance command corresponding to the time alignment 
group to the user equipment. 

[Claim 12] The method of claim 11, wherein the information regarding the time alignment 
group includes information regarding a time alignment group identifier. 

[Claim 13] The method of claim 11, wherein the timing advance command is received 
together with the time alignment group identifier. 

[Claim 14] The method of claim 13, wherein the time alignment group identifier is a logical 
channel identifier. 

[Claim 15] The method of claim 13, wherein the time alignment group identifier is included 
in a medium access control (MAC) control element (CE). 

[Claim 16] The method of claim 13, wherein the time alignment group identifier is included 
in a MAC sub-header. 

[Claim 17] The method of claim 11, wherein the time alignment group is determined based 
on a serving cell in which the timing advance command is received. 
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[Claim 18] The method of claim 13, wherein the timing advance command is for uplink time 
alignment. 

  

IPR2025-00720, OnePlus Ex. 1012 
Page  18 of 25



WO 2011/084005  PCT/KR2011/000111 

 

 

 

IPR2025-00720, OnePlus Ex. 1012 
Page  19 of 25



WO 2011/084005  PCT/KR2011/000111 

 

 

 

IPR2025-00720, OnePlus Ex. 1012 
Page  20 of 25



WO 2011/084005  PCT/KR2011/000111 

 

 

IPR2025-00720, OnePlus Ex. 1012 
Page  21 of 25



WO 2011/084005  PCT/KR2011/000111 

 

 

 

IPR2025-00720, OnePlus Ex. 1012 
Page  22 of 25



WO 2011/084005  PCT/KR2011/000111 

 

 

 

 

 

 

 

 

 

 

 

IPR2025-00720, OnePlus Ex. 1012 
Page  23 of 25



WO 2011/084005  PCT/KR2011/000111 

 

 

 

 

 

 

IPR2025-00720, OnePlus Ex. 1012 
Page  24 of 25



WO 2011/084005 PCT/KR2011/000111 

IPR2025-00720, OnePlus Ex. 1012 
Page  25 of 25




