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Description
METHOD OF PERFORMING RANDOM ACCESS PROCEDURE

IN WIRELESS COMMUNICATION SYSTEM

Technical Field
[1] The present invention relates to wireless communications, and more particularly, to a

method of performing random access in a wireless communication system.

Background Art
[2] Third generation partnership project (3GPP) mobile communication systems based

on a wideband code division multiple access (WCDMA) radio access technology are

widely spread all over the world. High-speed downlink packet access (HSDPA) that

can be defined as a first evolutionary stage of WCDMA provides 3GPP with a radio

access technique that is highly competitive in the mid-term future. However, since re

quirements and expectations of users and service providers are continuously increased

and developments of competing radio access techniques are continuously in progress,

new technical evolutions in 3GPP are required to secure competitiveness in the future.

Reduction of cost per bit, increase of service availability, flexible use of frequency

bands, simple structure and open interface, proper power consumption of a user

equipment (UE), and the like are defined as requirements.

[3] In general, there are one or more cells within the coverage of a base station (BS).

One cell may include a plurality of UEs. A UE generally performs a random access

procedure to access a network. Examples of the purposes of performing the random

access procedure on the network by the UE include (1) initial access, (2) handover, (3)

scheduling request, and (4) timing synchronization. These examples are only examples

and thus the purposes of performing the random access procedure may vary according

to a system in terms of content or the number of times of performing the procedure.

[4] The random access procedure can be classified into a contention based random

access procedure and a non-contention based random access procedure. A greatest

difference between the contention based random access procedure and the non-

contention based random access procedure lies in whether a random access preamble is

dedicatedly assigned to one UE. In the non-contention based random access procedure,

the UE uses only the random access preamble dedicatedly assigned to the UE itself,

and thus contention with another UE does not occur. The contention (or collision)

occurs when two or more UEs attempt the random access procedure by using the same

random access preamble through the same resource. In the contention based random

access procedure, there is a possibility of collision since the UEs use a random access

preamble randomly selected from a plurality of candidate random access preambles.



[5] Contention resolution is required when contention occurs in the contention-based

random access procedure. In general, a timer is used for contention resolution. It is de

termined that contention is successful if the timer starts in the random access procedure

and if a control signal is successfully received from the BS before the timer expires.
[6] However, since various types of control signals are generally transmitted from the BS

to the UE, contention resolution may be incorrectly achieved when unintentional

control signals are received before the timer expires. In this case, even if the random

access procedure fails, the UE may determine that the random access procedure is

successful. This may result in that the UE performs incorrect uplink transmission,

which leads to service delay or interference to other UEs.

Disclosure of Invention

Technical Problem
[7] The present invention provides a method capable of preventing contention between

user equipments while a contention-based random access procedure is performed.

Technical Solution
[8] According to an aspect of the invention, there is method of performing contention

resolution between a mobile communication terminal and a base station. The method

includes initiating a random access procedure by a medium access control (MAC)

layer of the mobile communication terminal, including starting a contention resolution

timer; and stopping the contention resolution timer and determining that the random

access procedure was successfully completed upon receipt from the base station of a

physical downlink control channel (PDCCH) transmission addressed to a cell-radio

network temporary identity (C-RNTI) of the mobile communication terminal and

containing a UL grant.

[9] In another aspect, the contention resolution timer is not stopped upon receipt of a

PDCCH transmission addressed to the C-RNTI and not containing the UL grant.

[10] In another aspect, the random access procedure is not considered to be successful

upon receipt of a PDCCH transmission addressed to the C-RNTI and not containing

the UL grant.

[11] In another aspect, the method includes transmitting a random access preamble to the

base station; and receiving a random access response from the base station.

[12] In another aspect, the step of initiating a random access procedure by a medium

access control (MAC) layer of the mobile communication terminal includes

transmitting a scheduling message from the mobile communication terminal to the

base station.

[13] In another aspect, the step of transmitting a scheduling message includes transmitting

a buffer status report (BSR) to request an uplink radio resource.



[14] In another aspect, the BSR indicates that there exists data in a buffer of the mobile

communications terminal that is ready to be transmitted.
[15] In another aspect, the BSR includes a cell identifier of the mobile communication

terminal.

[16] In another aspect, there is a mobile communication terminal that includes a display; a

transceiver; and a processor operatively connected to the display and transceiver, the

processor including a contention resolution timer. The processor is configured to

initiate a random access procedure from a medium access control (MAC) layer of the

mobile communication terminal, the random access procedure including starting the

contention resolution timer; and stop the contention resolution timer and determine that

the random access procedure was successfully completed upon receipt of a physical

downlink control channel (PDCCH) transmission addressed to a cell-radio network

temporary identity (C-RNTI) of the mobile communication terminal and containing a

UL grant.

[17] In another aspect, the processor is configured to not stop the contention resolution

timer upon receipt of a PDCCH transmission addressed to the C-RNTI and not

containing the UL grant.

[18] In another aspect, the processor is configured to not consider the random access

procedure to be successful upon receipt of a PDCCH transmission addressed to the C-

RNTI and not containing the UL grant.

[19] In another aspect, the processor is configured to transmit a random access preamble

to the base station, and receive a random access response from the base station.

[20] In another aspect, the processor is configured to transmit a scheduling message to the

base station when initiating the random access procedure.

[21] In another aspect, the processor is configured to initiate the random access procedure

by transmitting a scheduling message to the base station.

[22] In another aspect, the mobile communications terminal includes a buffer, and the

processor is configured to initiate the random access procedure by transmitting a buffer

status report (BSR) to request an uplink radio resource as the scheduling message.

[23] In another aspect, the BSR indicates that there exists data in the buffer that is ready to

be transmitted.

[24] In another aspect, the BSR includes a cell identifier of the mobile communication

terminal.

Advantageous Effects
[25] Since a control signal used for contention resolution is defined by considering a

situation while a contention-based random access procedure is performed, it is possible

to prevent a case where a user equipment incorrectly determines a contention result



when unintentional control signals are received. Further, it is possible to solve

problems in which interference to another UE occurs due to incorrect contention

resolution and in which a service is delayed due to error recovery.

Brief Description of Drawings
[26] FIG. 1 shows a structure of a wireless communication system.

[27] FIG. 2 is a diagram showing functional split between an evolved universal terrestrial

radio access network (E-UTRAN) and an evolved packet core (EPC).

[28] FIG. 3 is a block diagram showing constitutional elements of a user equipment.

[29] FIG. 4 is a diagram showing a radio protocol architecture for a user plane of a user

equipment.

[30] FIG. 5 is a diagram showing a radio protocol architecture for a control plane of a user

equipment.

[31] FIG. 6 is a flow diagram showing a conventional random access procedure.

[32] FIG. 7 is a flow diagram for explaining problems which may occur in a conventional

contention resolution procedure.

[33] FIG. 8 is a flow diagram showing a contention resolution method when uplink data is

transmitted according to an embodiment of the present invention.

[34] FIG. 9 is a flow diagram showing a contention resolution method when uplink data is

transmitted according to another embodiment of the present invention.

[35] FIG. 10 is a flow diagram showing a contention resolution method when downlink

data is transmitted according to an embodiment of the present invention.

Mode for the Invention
[36] FIG. 1 shows a structure of a wireless communication system according to an em

bodiment of the invention. The wireless communication system may have a network

structure of an evolved-universal mobile telecommunications system (E-UMTS). The

E-UMTS may also be referred to as a long term evolution (LTE) system. The wireless

communication system can be widely deployed to provide a variety of communication

services, such as voices, packet data, etc.

[37] Referring to FIG. 1, an evolved-UMTS terrestrial radio access network (E-UTRAN)

includes at least one base station (BS) 20 which provides a control plane and a user

plane.

[38] A user equipment (UE) 10 may 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 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), abase transceiver system (BTS), an access point, etc. There are one or

more cells within the coverage of the BS 20. Interfaces for transmitting user traffic or



control traffic may be used between the BSs 20. Hereinafter, a downlink is defined as a

communication link from the BS 20 to the UE 10, and an uplink is defined as a com

munication link from the UE 10 to the BS 20.

[39] The BSs 20 are interconnected by means of an X2 interface. The BSs 20 are also

connected by means of an Sl interface to an evolved packet core (EPC), more

specifically, to a mobility management entity (MME)/serving gateway (S-GW) 30. The

Sl interface supports a many-to-many relation between the BS 20 and the MME/S-GW

30.

[40] FIG. 2 is a diagram showing functional split between the E-UTRAN and the EPC.

[41] Referring to FIG. 2, slashed boxes depict radio protocol layers and white boxes

depict functional entities of the control plane.

[42] The BS performs the following functions: (1) functions for radio resource

management (RRM) such as radio bearer control, radio admission control, connection

mobility control, and dynamic allocation of resources to the UE; (2) Internet protocol

(IP) header compression and encryption of user data streams; (3) routing of user plane

data to the S-GW; (4) scheduling and transmission of paging messages; (5) scheduling

and transmission of broadcast information; and (6) measurement and measurement

reporting configuration for mobility and scheduling.

[43] The MME performs the following functions: (1) distribution of paging messages to

BSs; (2) security control; (3) idle state mobility control; (4) system architecture

evolution (SAE) bearer control; and (5) ciphering and integrity protection of non-

access stratum (NAS) signaling.

[44] The S-GW performs the following functions: (1) termination of user plane packet for

paging; and (2) user plane switching for the support of UE mobility.

[45] FIG. 3 is a block diagram showing constitutional elements of the UE configured to

perform the methods shown in FIGs. 8-10. A UE 50 includes a processor 51, a memory

52, a transceiver 53, a display 54, and a user interface unit 55. Layers of the radio

interface protocol are implemented in the processor 51. The processor 5 1 provides the

control plane and the user plane. The function of each layer can be implemented in the

processor 51. The processor 5 1 may also include a contention resolution timer. The

memory 52 is coupled to the processor 5 1 and stores an operating system, applications,

and general files. The display 54 displays a variety of information of the UE 50 and

may use a well-known element such as a liquid crystal display (LCD), an organic light

emitting diode (OLED), etc. The user interface unit 55 can be configured with a com

bination of well-known user interfaces such as a keypad, a touch screen, etc. The

transceiver 53 is coupled to the processor 5 1 and transmits and/or receives radio

signals.

[46] Layers of a radio interface protocol between the UE and the network can be



classified into a first layer (Ll), 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. A physical layer, or simply a PHY layer, belongs to the

first layer and provides an information transfer service through a physical channel. A

radio resource control (RRC) layer belongs to the third layer and serves to control

radio resources between the UE and the network. The UE and the network exchange

RRC messages via the RRC layer.

[47] FIG. 4 is a diagram showing a radio protocol architecture for the user plane. FIG. 5 is

a diagram showing a radio protocol architecture for the control plane. They illustrate

the architecture of a radio interface protocol between the UE and the E-UTRAN. The

user plane is a protocol stack for user data transmission. The control plane is a protocol

stack for control signal transmission.

[48] Referring to FIGs. 4 and 5, a PHY layer belongs to the first layer and provides an

upper layer with an information transfer service through a physical channel. The PHY

layer is coupled with a medium access control (MAC) layer, i.e., 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. Between different PHY layers (i.e., a

PHY layer of a transmitter and a PHY layer of a receiver), data is transferred through

the physical channel. In the PHY layer, modulation is performed using an orthogonal

frequency division multiplexing (OFDM) scheme and time and frequency can be

utilized as a radio resource.

[49] The MAC layer belongs to the second layer and provides services to a radio link

control (RLC) layer, i.e., an upper layer of the MAC layer, through a logical channel.

The RLC layer in the second layer supports reliable data transfer. There are three

operating modes in the RLC layer, that is, a transparent mode (TM), an unac

knowledged mode (UM), and an acknowledged mode (AM) according to a data

transfer method. An AM RLC provides bidirectional data transmission services and

supports retransmission when the transfer of the RLC protocol data unit (PDU) fails.

[50] A packet data convergence protocol (PDCP) belonging to the second layer performs

header compression function. When transmitting an Internet protocol (IP) packet such

as an IPv4 packet or an IPv6 packet, the header of the IP packet may contain relatively

large and unnecessary control information. The PDCP layer reduces the header size of

the IP packet so as to efficiently transmit the IP packet.

[51] A radio resource control (RRC) layer belongs to the third layer and 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). An RB is a service provided by the second layer for

data transmission between the UE and the E-UTRAN. When an RRC connection is es-



tablished between an RRC layer of the UE and an RRC layer of the network, it is

called that the UE is in an RRC connected mode. When the RRC connection is not e s

tablished yet, it is called that the UE is in an RRC idle mode.

[52] A non-access stratum (NAS) layer belongs to an upper layer of the RRC layer and

serves to perform session management, mobility management, or the like.

[53] 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 (DL-SCH)

for transmitting user traffic or control messages. User traffic of downlink multicast or

broadcast service or control messages can be transmitted on the DL-SCH or a

downlink multicast channel (MCH). Data is 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-shared channel (UL-SCH) for transmitting user traffic or control message.

[54] Downlink physical channels are mapped to the downlink transport channels.

Examples of the downlink physical channels include a physical broadcast channel

(PBCH) mapped to the BCH, a physical multicast channel (PMCH) mapped to the

MCH, a physical downlink shared channel (PDSCH) mapped to the PCH and the DL-

SCH, and a physical downlink control channel (PDCCH) for transmitting control in

formation (e.g., downlink (DL)/uplink (UL) scheduling grant, etc.,) which is provided

from the first layer and the second layer. The PDCCH is also referred to as a downlink

L1/L2 control channel. Uplink physical channels are mapped to the uplink transport

channels. Examples of the uplink physical channels include a physical uplink shared

channel (PUSCH) mapped to the UL-SCH, a physical random access channel

(PRACH) mapped to the RACH, and a physical uplink control channel (PUCCH) for

transmitting control information (e.g., hybrid automatic repeat request (HARQ) ac

knowledgment (ACK)/negative-ACK (NACK) signals, a scheduling request signal, a

channel quality indicator (CQI), etc.,) which is provided from the first layer and the

second layer.

[55] Now, a random access procedure will be described. The random access procedure

may be performed by a UE for the following purposes: (1) an initial access process; (2)

a handover process; (3) a process of transmitting downlink data to a UE that is not time

synchronized; (4) a process of transmitting data in uplink by the UE that is not time

synchronized; and (5) a recovery process performed when an error occurs in a wireless

connection.

[56] FIG. 6 is a flow diagram showing a conventional random access procedure.

[57] Referring to FIG. 6, a UE transmits a random access preamble to a BS through a

selected PRACH resource by using system information received from the BS (step



Sl 10). After receiving the random access preamble from the UE, the BS transmits a

random access response message through a DL-SCH (step S120). The random access

response message includes offset information (i.e., a time advance value) for correcting

time synchronization of the UE, uplink radio resource allocation information, index in

formation of the random access preamble received in order to identify UEs performing

the random access procedure, and a temporary identifier of the UE. The temporary

identifier may be a temporary cell-radio network temporary identity (C-RNTI). After

receiving the random access response message, the UE corrects time synchronization

according to the random access response message, and transmits a scheduling message

including a UE identifier to the BS by using uplink radio resource allocation in

formation (step S130). Herein, the UE identifier may be a C-RNTI, an SAE temporary

mobile station identifier (S-TMSI), or a random identifier (Id). After receiving the

scheduling message, the BS transmits a contention resolution message to the UE by

using the UE identifier transmitted from the UE (step S140).

[58] Now, contention resolution performed in the random access procedure will be

described. In the random access procedure, collision may occur because the number of

random access preambles is limited. That is, since a BS cannot assign unique random

access preambles to all UEs, each UE needs to randomly select one of common

random access preambles. Accordingly, in some cases, two or more UEs may select

and transmit the same random access preamble by using the same PRACH resource.

The BS recognizes the random access preambles as one random access preamble

transmitted from one UE, and successfully transmits a random access response

message for the random access preamble to the UE. However, since collision has

occurred, two or more UEs receive one random access response message, and thus the

UEs perform different operations. That is, the UEs transmit different data by using the

same radio resource according to uplink radio resource allocation information included

in the random access response message. Accordingly, all UEs may fail in data

transmission, or only a specific UE may succeed in data transmission according to a

location or a transmit power of each UE. When the BS receives data of only the

specific UE, the BS has to inform the UEs, which fail in data transmission, of the fact

that data transmission has failed. That is, contention resolution is an operation of

informing a UE of whether contention is successful or unsuccessful.

[59] There are two conventional contention resolution methods, that is, a first method of

using a timer and a second method of transmitting an identifier of a UE which

succeeds in contention.

[60] The first conventional method of using the timer is used when the UE already has a

unique cell identifier (e.g., C-RNTI) before the random access procedure is performed.

According to the first method, the UE which already has its cell identifier transmits



data including the cell identifier to the BS according to a random access response

message, and then starts a contention resolution timer. If the UE receives the data

including the cell identifier through a PDCCH before the timer expires, the UE de

termines that the UE succeeds in contention and thus successfully finishes the random

access procedure. On the contrary, if the UE fails to receive the data including the cell

identifier through the PDCCH before the contention resolution timer expires, the UE

determines that the UE fails in contention. Then, the UE may re-perform the random

access procedure or may provide a failure report to an upper layer.

[61] The second conventional method of transmitting the identifier of the UE which

succeeds in contention is used when the UE does not have its unique cell identifier

before the random access procedure is performed. According to the second method, if

no cell identifier is assigned to the UE, the UE transmits data including an S-TMSI or a

random Id which is a higher-level identifier than a cell identifier according to uplink

radio resource allocation information included in a random access response, and then

starts the contention resolution timer. If the UE receives the data including the higher-

level identifier through a DL-SCH before the timer expires, the UE determines that the

random access procedure is successful. On the contrary, if the UE fails to receive the

data including the higher-level identifier through the DL-SCH before the contention

resolution timer expires, the UE determines that the UE fails in contention.

[62] FIG. 7 is a flow diagram for explaining problems which may occur in a conventional

contention resolution procedure. It is assumed that a BS is time-synchronized with a

UE, and the UE performs a random access procedure upon generation of data to be

transmitted in uplink in a situation where no uplink radio resource is allocated from the

BS.

[63] Referring to FIG. 7, the UE transmits a randomly selected random access preamble

(step S210), and receives a random access response (step S220). If the UE includes a

cell identifier, according to uplink radio resource allocation information included in the

random access response, the UE transmits a scheduling message including the cell

identifier to the BS (step S230), and starts a contention resolution timer (hereinafter, a

CR timer) (step S240). If uplink data transmission of the UE fails due to occurrence of

collision and if uplink data transmission of another UE is successful, the BS cannot

know whether the UE currently performs the random access procedure. In this case,

before the CR timer of the UE expires, if the BS transmits downlink radio resource a l

location information to the UE through a PDCCH in order to transmit downlink data

(step S250), the UE receives another PDCCH which is used for a different purpose

from the PDCCH used for contention resolution before the timer expires. Therefore,

even through the UE fails in contention due to occurrence of collision, the UE in

correctly determines that the UE succeeds in contention (step S260).



[64] Thus, if the random access procedure was initiated by any conventional PDCCH

order and there is a PDDCH transmission addressed to the C-RNTI (e.g., a downlink

assignment message, or another conventional PDCCH transmission addressed to the C-

RNTI), then the UE considers the contention resolution successful, stops the

contention resolution timer, discards the temporary C-RNTI and considers the random

access procedure to be successfully completed. However, it is possible in this scenario

for the UE to incorrectly determine that the contention resolution was successful (step

S260).

[65] To solve the aforementioned problem, the present invention proposes a method in

which a control signal is defined by considering a situation, whether contention is

successful or unsuccessful is determined only when a specific UL assignment control

signal is received under a specific condition, and a UE operates according to the deter

mination result.

[66] Random access may be performed by the UE for the purposes of an initial access

process, a handover process, a process of transmitting downlink data to a UE that is not

time synchronized, a process of transmitting data in uplink by the UE that is not time

synchronized or the UE to which no uplink radio resource is allocated, and a recovery

process performed when an error occurs in a wireless connection with the BS.

[67] A control channel is defined according to the purposes of performing the random

access. The control channel may be a PDCCH, a DL-SCH indicated by the PDCCH, or

the like. A signal transmitted through the DL-SCH may be any one of a MAC layer

signal, an RLC layer signal, a PDCP layer signal, an RRC layer signal, and a non-

access stratum (NAS) layer signal. A signal transmitted through the PDCCH may be

uplink radio resource allocation information or downlink radio resource allocation in

formation. The uplink radio resource allocation information includes a signal for in

structing transmission of data by reporting a downlink channel quality indicator (CQI)

and a signal for instructing transmission of data without reporting the CQI. In this case,

a specific field of the uplink radio resource allocation information may be used to

inform whether the UE has to report the CQI by using a radio resource according to the

uplink radio resource allocation information. Even if a value of a CQI report request

field is not set in the specific field of the uplink radio resource allocation information,

the UE may transmit data by including CQI information according to predetermined

information.

[68] Now, a method of defining a control signal for contention resolution according to the

purposes of performing the random access procedure will be described.

[69] FIG. 8 is a flow diagram showing a contention resolution method when uplink data is

transmitted according to an embodiment of the present invention. Herein, a UE intends

to transmit data in uplink in a state where no uplink radio resource is allocated from a



BS. An RRC connection is established between the UE and the BS. The UE has a cell

identifier (C-RNTI) assigned from the BS. A scheduling request channel dedicated to

the UE is not established to the UE. Therefore, the UE has to transmit its buffer status

report (BSR) to request an uplink (UL) radio resource (e.g., directly from the MAC

layer itself). For this, the UE must obtain an UL and therefore performs a random

access procedure.

[70] Referring to FIG. 8, the UE transmits a random access preamble (step S3 10). The

random access preamble may randomly be selected from a set of available random

access preambles. The UE receives a random access response message for the random

access preamble (step S320). Upon successfully receiving the random access response

message, the UE transmits a scheduling message (e.g., a buffer status report) by using

uplink radio resource allocation information included in the response message (step

S330). The scheduling message may include a cell identifier of the UE in the uplink

radio resource allocation information. According to transmitting the scheduling

message, the UE starts a CR timer (step S340). The CR timer may be started after

transmitting the scheduling message. If the UE receives downlink radio resource al

location information through a PDCCH transmission (step S350) or if the UE receives

through the PDCCH transmission the uplink radio resource allocation information in

which a CQI report indication filed is set (step S360), the UE neither stops the CR

timer nor determines whether contention is successful or unsuccessful. Prior to an ex

piration time T
exp ry

of the CR timer, if the UE receives through the PDCCH the uplink

radio resource allocation information in which the CQI report indication field is not set

(step S370), the UE stops the CR timer (step S380) and determines that contention is

successful.

[71] When receiving, through the PDCCH transmission, the uplink radio resource al

location information in which the CQI report indication field is set, the following de

scription is the reason why the UE neither stops the CR timer nor determines whether

contention is successful. In addition to a case where the BS transmits uplink radio

resource allocation information according to a radio resource request of the UE, the BS

may transmit the uplink radio resource allocation information to the UE at a specific

time to instruct CQI reporting. That is, if collision occurs after the CR timer of the UE

starts and before the CR timer expires and if the BS does not know that the UE

currently performs the random access procedure, the BS may transmit uplink radio

resource allocation information through the PDCCH to instruct CQI reporting. In this

case, the UE receives the uplink radio resource allocation information through the

PDCCH, but the received information is not uplink radio resource allocation in

formation for contention resolution in the random access procedure. For this reason,

upon receiving uplink radio resource allocation information in which the CQI report



indication field is optionally set, the UE neither determines whether contention is

successful nor stops the CR timer.

[72] The UE monitors the PDCCH to detect the identifier of the UE through the PDCCH.

Thus, the UE determines whether a control signal is received. If content of the control

signal conforms to the purposes of performing the random access procedure, the UE

stops the CR timer. Accordingly, incorrect contention resolution resulted from

receiving of unintentional control signals can be avoided.

[73] In FIG. 9, if the UE has data in its buffer, the UE triggers a Buffer Status Report

(BSR) indicating that there exists data that is ready to be transmitted. However, as in

FIG. 8, if a UL is not available to the UE, a UL must be obtained by the UE via a

random access procedure. This buffer status initiated random access procedure is an

example of a random access procedure that is initiated by the MAC sublayer itself (as

opposed to a random access procedure that is initiated by a PDCCH order).

[74] Thus, as in FIG. 8, the UE transmits a random access preamble (step S3 10). The

random access preamble may randomly be selected from a set of available random

access preambles. The UE receives a random access response message in reply to the

random access preamble (step S320). Upon successfully receiving the random access

response message, the UE transmits a scheduling message (e.g., a buffer status report)

by using uplink radio resource allocation information included in the response message

(step S330). The scheduling message may include a cell identifier of the UE in the

uplink radio resource allocation information. According to transmitting the scheduling

message, the UE starts a CR timer (step S340). The CR timer may be started after

transmitting the scheduling message. If the UE receives downlink radio resource al

location information through a PDCCH transmission (step S350), the UE neither stops

the CR timer nor determines whether contention is successful or unsuccessful. Prior to

an expiration time T
exp ry

of the CR timer, if the UE receives through the PDCCH the

uplink radio resource allocation information (step S375), the UE stops the CR timer

(step S380) and determines that contention is successful.

[75] Thus, in FIG. 9, assuming the random access procedure is initiated by the MAC

sublayer itself, if the UE receives a PDDCH transmission that is addressed to the C-

RNTI of the UE and contains a UL grant for a new transmission by the UE, the UE

considers the contention resolution to have been successful, stops the contention

resolution timer, discards the temporary C-RNTI and considers the random access

procedure to be successfully completed. However, if the random access procedure is

initiated by the MAC sublayer itself, and the UE receives a PDCCH transmission

addressed to the UE's C-RNTI that does not contain a UL grant (e.g., a downlink as

signment as shown in step 350), the UE does not consider the random access procedure

to be successful or unsuccessful. That is, the UE does not stop the contention



resolution timer and discard the temporary C-RNTI if the random access procedure is

initiated by the MAC sublayer itself, and the UE receives a PDCCH transmission

addressed to the UE' s C-RNTI that does not contain a UL grant.

[76] FIG. 10 is a flow diagram showing a contention resolution method when downlink

data is transmitted according to an embodiment of the present invention. Downlink

data to be received by a UE is generated in a state where the UE is not time synchro

nization with a BS. An RRC connection is not established between the UE and the BS.

The UE has a cell identifier assigned from the BS. The BS instructs the UE to perform

a random access procedure to receive downlink data, and then the UE performs a

contention-based random access procedure.

[77] Referring to FIG. 10, the UE transmits a random access preamble (step S410). The

random access preamble may randomly be selected from a set of available random

access preambles. The UE receives a random access response message for the random

access preamble (step S420). Upon successfully receiving its random access response

message, the UE transmits a scheduling message by using uplink radio resource al

location information included in the response message (step S430). The scheduling

message may include a cell identifier of the UE in the uplink radio resource allocation

information. The scheduling message may be transmitted using a hybrid automatic

repeat request (HARQ). The UE receives an HARQ ACK (step S440), and then starts a

CR timer (step S450). If the UE receives uplink radio resource allocation information

through a PDCCH (step S460), the UE neither stops the CR timer nor determines

whether contention is successful or not. If the UE receives downlink radio resource al

location information through the PDCCH prior to an expiration time T
exp y

of the CR

timer (step S470), the UE stops the CR timer (step S480) and determines that

contention is successful. Alternatively, if the UE receives through the PDCCH the

uplink radio resource allocation information in which a CQI report indication field is

set, the UE may stop the CR timer and may determine contention is successful. After

stopping the CR timer, the UE may receive a contention resolution message.

[78] In addition, if a contention-based random access is performed in a handover

procedure, similarly to the case of transmitting uplink data, the UE stops the CR timer

and determines that contention is successful only when uplink radio resource allocation

information is received while the CR timer is running. The uplink radio resource a l

location information may be limitedly used only when a CQI indication report is not

set. The uplink radio resource allocation information may also be used when the CQI

indication report is set.

[79] If the UE stops the CR timer and determines that contention is successful in all cases

where a message including the cell identifier of the UE is received through the PDCCH

before the CR time expires, there is a high possibility that the determination is wrong.



Therefore, it is preferable that the UE stops the CR timer and determines that

contention is successful only when radio resource allocation information defined

according to the purposes of performing the random access procedure is received.

[80] Since a control signal used for contention resolution is defined by considering a

situation in the contention-based random access procedure, it is possible to prevent a

case where a UE wrongly determines whether contention is successful and performs an

incorrect operation related to the wrong determination. Therefore, it is possible to solve

a problem in which transfer interference of another UE occurs caused by incorrect

contention resolution and in which a delay time increases due to error recovery.

[81] The present invention can be implemented with hardware, software, or combination

thereof. In hardware implementation, the present invention can be implemented with

one of an application specific integrated circuit (ASIC), a digital signal processor

(DSP), a programmable logic device (PLD), a field programmable gate array (FPGA),

a processor, a controller, a microprocessor, other electronic units, and combination

thereof, which are designed to perform the aforementioned functions. In software im

plementation, the present invention can be implemented with a module for performing

the aforementioned functions. Software is storable in a memory unit and executed by

the processor. Various means widely known to those skilled in the art can be used as

the memory unit or the processor.

[82] While the present invention has been particularly shown and described with reference

to exemplary embodiments thereof, it will be understood by those skilled in the art that

various changes in form and details may be made therein without departing from the

spirit and scope of the invention as defined by the appended claims. The exemplary

embodiments should be considered in descriptive sense only and not for purposes of

limitation. Therefore, the scope of the invention is defined not by the detailed de

scription of the invention but by the appended claims, and all differences within the

scope will be construed as being included in the present invention.



Claims
[1] A method of performing contention resolution between a mobile communication

terminal and a base station, comprising:

initiating a random access procedure by a medium access control (MAC) layer of

the mobile communication terminal, the step of initiating including starting a

contention resolution timer; and

stopping the contention resolution timer and determining that the random access

procedure was successfully completed upon receipt from the base station of a

physical downlink control channel (PDCCH) transmission addressed to a cell-

radio network temporary identity (C-RNTI) of the mobile communication

terminal and containing a UL grant.

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

not stopping the contention resolution timer upon receipt of a PDCCH

transmission addressed to the C-RNTI and not containing the UL grant.

[3] The method of claim 1, further comprising:

not considering the random access procedure to be successful upon receipt of a

PDCCH transmission addressed to the C-RNTI and not containing the UL grant.

[4] The method of claim 1, further comprising:

transmitting a random access preamble to the base station; and

receiving a random access response from the base station.

[5] The method of claim 1, wherein the step of initiating a random access procedure

by a medium access control (MAC) layer of the mobile communication terminal

comprises:

transmitting a scheduling message from the mobile communication terminal to

the base station.

[6] The method of claim 5, wherein the step of transmitting a scheduling message

comprises:

transmitting a buffer status report (BSR) to request an uplink radio resource.

[7] The method of claim 6, wherein the BSR indicates that there exists data in a

buffer of the mobile communications terminal that is ready to be transmitted.

[8] The method of claim 6, wherein the BSR includes a cell identifier of the mobile

communication terminal.

[9] A mobile communication terminal, comprising:

a display;

a transceiver; and

a processor operatively connected to the display and transceiver, the processor

including a contention resolution timer, the processor configured to



initiate a random access procedure from a medium access control (MAC) layer

of the mobile communication terminal, the random access procedure including

starting the contention resolution timer, and

stop the contention resolution timer and determine that the random access

procedure was successfully completed upon receipt of a physical downlink

control channel (PDCCH) transmission addressed to a cell-radio network

temporary identity (C-RNTI) of the mobile communication terminal and

containing a UL grant.

[10] The mobile communication terminal of claim 9, wherein the processor is

configured to transmit a random access preamble to the base station, and receive

a random access response from the base station.

[11] The mobile communication terminal of claim 9, wherein the processor is

configured to transmit a scheduling message to the base station when initiating

the random access procedure.

[12] The mobile communication terminal of claim 9, wherein the processor is

configured to initiate the random access procedure by transmitting a scheduling

message to the base station.

[13] The mobile communication terminal of claim 12, further comprising:

a buffer, wherein the processor is configured to initiate the random access

procedure by transmitting a buffer status report (BSR) to request an uplink radio

resource as the scheduling message.

[14] The mobile communication terminal of claim 13, wherein the BSR indicates that

there exists data in the buffer that is ready to be transmitted.

[15] The mobile communication terminal of claim 13, wherein the BSR includes a

cell identifier of the mobile communication terminal.
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