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(57) ABSTRACT

A mobile communication technology, and, more particularly,
a method for efficiently transmitting data stored in a message
3 (Msg3) buffer and a user equipment for the same is dis-
closed. The method of transmitting data by a user equipment
in uplink includes receiving an uplink (UP) Grant signal from
a base station on a specific message, determining whether
there is data stored iii a message 3 (Msg3) buffer when receiv-
ing the UL Grant signal on the specific message, determining
whether the specific message is a random access response
message, and transmitting the data stored in the Msg3 buffer
to the base station using the UL Grant signal received on the
specific message, if there is data stored in the Msg3 buffer
when receiving the UL Grant signal on the specific message
and the spccific message is the random access rcsponsc mes-
sage.
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1
DATA TRANSMISSION METHOD AND USER

EQUIPMENT FOR THE SAME

CROSS REFERENCE TO RELATED
APPI .I(IATl()NS

This application claims the benefit of U.S. Provisional
Application No. 61/087,988, filed onAug. 11,2008, which is
hereby incorporated by reference as if fully set forth herein.

This application claims the benefit ofKorean PatentAppli-
cation No. 10-2009-0057128, filed on Jun. 25, 2009, which is
hereby incorporated by reference as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a mobile communication
technology, and more particularly, to a method for efficiently
transmitting data stored in a message 3 (Msg3) buffer and a
user equipment for the same.

2. Discussion of the Related Art

As an example of a mobile communication system to
which the present invention is applicable, a 3”” Generation
Partnership Project Long Term Evolution (3GPP LTE) com-
munication system will be schematically described.

FIG. 1 is a schematic View showing the network architec-
ture of an Evolved Universal Mobile Telecommunication

System (E-UMTS) as an example ofa mobile communication
system.

The E-UMTS is evolved from the existing UMTS and has
been currently standardized in the 3GPP. Generally, the
E-UMTS may be called an LTE system.

An E-UMTS network may be largely divided into an
Evolved UMTS Terrestrial Radio Access Network (E-UT-
RAN) 101 and a Core Network (CN) 102. Tl1e E-UTRAN 101
may include a User Equipment (UE) 103, a base station
(hereinafter, referred to as an “eNode B” or “eNB”) 104, and
an Access Gateway (AG) 105 positioned at the end of the
network and connected to an external network. The AG 105

may be divided into a portion for processing user tralfic and a
portion for processing control traffic. At this time, an AG for
processing new user trafiic and an AG for processing control
traflic may communicate with each other using a new inter-
face.

One or more cells may exist in one eNode B. A plurality of
eNode Bs may be connected by an interface for transmitting
the user traffic or control trafiic. The CN 102 may include the
AG 105 and a node for registering a user of the UE 103. An
interface for distinguishing between the E-UTRAN 101 and
the CN 102 may be used.

Layers ofradio interface protocol between the UE and the
network may be classified into a first layer L1, a second layer
L2 and a third layer L3 based on three lower layers ofan Open
System Interconnection (OSI) reference model that is widely
known in the field of communication systems. A physical
layer belonging to the first layer provides an information
transfer service using a physical charmel. A Radio Resource
Control (RRC) layer belonging to the third layer serves to
control radio resources between the UE and the network. The

UE and the network exchange an RRC message via the RRC
layer. The RRC layer may be distributed and located at net-
worknodes ofthe eNode B 1 04 and theAG 1 05. Alternatively,
the RRC layer may be located at only the eNode B 104 or the
AG 105.

FIGS. 2 and 3 show the structures ofradio interface proto-
cols between the UE and the UTRAN based on a 3GPP radio
access network standard.
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The radio interface protocols of FIGS. 2 and 3 are horizon-
tally formed of a physical layer, a data link layer and a net-
work layer. The radio interface protocols are vertically
formed of a user plane for transmitting data information and
a control plane for transmitting control signals. In detail, 1" 1G.
2 shows the layers of a radio protocol control plane and FIG.
3 shows the layers ofa radio protocol user plane. The protocol
layers of FIGS. 2 and 3 may be divided into a first layer (L1),
a second layer (L2) and a third layer (L3) based on three lower
layers of an OSI reference model that is widely known in the
field of communication systems.

Hereinafter, the layers of the control plane of the radio
protocol of FIG. 2 and the user plane of the radio protocol of
FIG. 3 will be described.

A physical (PHY) layer ofthe first layer provides an infor-
mation transfer service to an upper layer using a physical
channel. The PHY layer is connected to an upper layer, such
as a Medium Access Control (MAC) layer, via a transport
channel. Data is transferred between the MAC layer and the
PHY layer via the transport channel. At this time, the trans-
port charmel is largely divided into a dedicated transport
channel and a common transport charmel, depending on
whether or not a channel is shared. Data is also transferred

between different PHY layers, such as a physical layer of a
transmitting side and a physical layer of a receiving side, via
a physical channel using radio resources.

Various layers exist in the second layer. First, the MAC
layer serves to map various logical channels to various trans-
port channels and serves to multiplex several logical charmels
into one transport channel. The MAC layer is connected to a
Radio Link Control (RLC) layer, which is an upper layer, by
the logical channel. The logical channel may be largely
divided into a control channel for transmitting information
about the control plane and a traffic channel for transmitting
information about the user plane according to the kinds of
information transmitted.

The RLC layer of the second layer serves to segment and
concatenate data received from an upper layer so as to adjust
data size such that a lower layer transmits data in a radio
section. In addition, the RLC provides three modes, namely,
a Transparent Mode (TM), an Unacknowledged Mode (UM)
and an Acknowledged Mode (AM) in order to guarantee
various Quality of Services (QoSs) requested by Radio Bear-
ers (RBs). In particular, the AM RLC performs a retransmis-
sion function using an Automatic Repeat and Request (ARQ)
function for reliable data transmission.

A Packet Data Convergence Protocol G’DCP) layer of the
second layer performs a header compression function to
reduce the size ofan Intemet Protocol (IP) packet header that
includes unnecessary control information and has a relatively
large size, for effective transmission in a radio section having
a relatively small bandwidth when transmitting an IP packet
such as an IPv4 packet or an IPv6 packet. Therefore, only
necessary information in a header portion of data is transmit-
ted so as to improve transmission efficiency of the radio
section. In the LTE system, the PDCP layer also performs a
security function, which includes ciphering for preventing
data from being intercepted by a third party and integrity
protection for preventing data from being handled by a third
Part)’-

A Radio Resource Control (RRC) located at a highest
portion of the third layer is defined only hi the control plane.
The RRC layer handles logical channels, transport charmels
and physical channels for the configuration, re-configuration
and release of RBS. Here, the RBS refer to logical paths
provided by the first and second layers of the radio protocol,
for data transfer between the U13 and the UTRAN, and the
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configuration of the RBs refers to a process of defining the
characteristics of the radio protocol layer and channel neces-
sary for providing a specific service, and setting detailed
parameters and operation methods. Each of the RBs is
divided into a signaling RB and a data RI}. The SRB is used
as apath for transmitting an RRC message in the control plane
(C-plane), and the DRB is used as a path for transmitting user
data in the user plane (U-plane).

Downlink transport channels for transmitting data from a
network to a UE may include a Broadcast Channel (BCH) for
transmitting system information and a downlink Shared
Channel (SCI I) for transmitting user traffic or a control mes-
sage. The traffic or the control message of a downlink multi-
cast or broadcast service may be transmitted via the downlink
SCH or via a separate Downlink Multicast Channel (MCH).
Uplink transport channels for transmitting data from a UE to
a network may include a Random Access Channel (RACH)
for transmitting an initial control message and an uplink SCH
for transmitting user traffic or a control message.

Downlink physical channels for transmitting information
transferred via the downlink transport channels in a radio
section between a network and a UE may include a Physical
Broadcast Channel (PBCH) for transmitting information
about a BCH, a Physical Multicast Channel (PMCH) for
transmitting infomiation about an MCH, a Physical Down-
link Shared Channel (PDSCH) for transmitting information
about a PCH and a downlink SCH, and a Physical Downlink
Control Channel (PDCCH) (also referred to as a DL L1/L2
control channel) for transmitting control information pro-
vided by the first layer and the second layer, such as downlink
(DL) or uplink (UL) scheduling grant information. Uplink
physical channels for transmitting information transferred via
the uplink transport channels in a radio section between a
network and a UE may include a Physical Uplink Shared.
Channel (PUSCH) for transmitting information about an
uplink SCH, a Physical Random Access Channel (PRACH)
for transmitting information about an RACH, and a Physical
Uplink Control Charmel (PUCCH) for transmitting control
information provided by the first layer and the second layer,
such as a HARQ ACK or NACK, a Scheduling Request (SR),
a Channel Quality Indicator (CQI) report.

Hereinafter, a random access procedure provided by an
LTE system will be schematically described based on the
above description.

First, a UE performs the random access procedure in the
following cases.

when the UE performs initial access because there is no
RRC Connection with an eNode B,

when the UII‘. initially accesses a target cell in a handover
procedure,

when the random access procedure is requested by a com-
mand of an eNode B,

when there is uplink data transmission in a situation where
uplink time synchronization is not aligned or where a
specific radio resource used for requesting radio
resources is not allocated, and

when a recovery procedure is performed in case of radio
link failure or handover failure.

In the LTE system, there are provided two procedures in
selecting a random access preamble: one is a contention
based random access procedure in which the UE randomly
selects one preamble within a specific group for use, and
another is a non-contention based random access procedure
i11 which the UE uses a random access preamble allocated
only to a specific UE by the eNode B. The non-contention
based random access procedure may be used only in the
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4

handover procedure or when it is requested by the command
of the base station, as described above.

A random access procedure of a UE with a specific eNode
B may largely include (1) a step of, at the UE, transmitting a
random access preamble to the eNode B (hereinafter, referred
to as a “message 1” transmitting step if such use will not lead
to confusion), (2) a step of receiving a random access
response from the eNode B in correspondence with the trans-
mitted random access preamble (hereinafter, referred to as a
“message 2” receiving step if such use will not lead to con-
fusion), (3) a step oftransmitting an uplink message using the
information received by the random access response message
(hereinafter, referred to as a “message 3” transmitting step if
such use will not lead to confusion), and (4) a step ofreceiving
a message corresponding to the uplink message from the
eNode B (hereinafter, referred to as a “message 4” receiving
step if such use will not lead to confusion).

In the random access procedure, the UE stores data to be
transmitted via the message 3 in a message 3 (Msg3) buffer
and transmits the data stored. in the msg3 buller in correspon-
dence with the reception ofan Uplink (UL) Grant signal. The
UL Grant signal indicates information about uplink radio
resources which may be used when the UE transmits a signal
to the eNode B, and is received on a random access response
message received on a PDCCH or a PUSCH in the LTE
system. According to the current LTE system standard, it is
defined that, if the UI. Grant signal is received in a state in
which data is stored in the Msg3 buifer, the data stored in the
Msg3 buffer is transmitted regardless of the reception mode
ofthe UL Grant signal. As described above, ifthe data stored
in the Msg3 buffer is transmitted in correspondence with the
reception of all UL Grant signals, problems may occur.
Accordingly, there is a need for research to solve such prob-
lems.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a data
transmission method and a user equipment for the same that
substantially obviate one or more problems due to limitations
and disadvantages of the related art.

An object of the present invention is to provide a data
transmission method and a user equipment for the same,
which is capable ofsolving a problem which may occur when
data stored in a message 3 (Msg3) buffer is transmitted
according to a reception mode of an Uplink (UL) Grant sig-
nal.

Additional advantages, objects, and features of the inven-
tion will be set forth in part in the description which follows
and in part will become apparent to those having ordinary
skill in the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attainedby the structure particularly pointed out in the written
description and claims hereof as well as the appended draw-
ings.

To achieve these obj ects and other advantages and in accor-
dance with the purpose of the invention, as embodied and
broadly described herein, a method of transmitting data by a
user equipment through an uplink includes receiving an
uplink grant (UL Grant) signal from a base station on a
specific message, detennining whether there is data stored m
a message 3 (Msg3) buffer when receiving the UL Grant
signal on the specific message, determining whether the spe-
cific message is a random access response message, and
transmitting the data stored in the Msg3 bufifer to the base
station using the UL Grant signal received on the specific

14
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message, if there is data stored in the Msg3 buffer when
receiving the UL Grant signal on the specific message and the
specific message is the random access response message.

Ifthere is no data stored in the Msg3 buffer when receiving
the UL Grant signal on the specilic message or the specilic
message is not the random access response message, new data
may be transmitted to the base station in correspondence with
the UL Grant signal received on the specific message.

The UL Grant signal received on the specific message may
be a UL Grant signal received on a Physical Downlink Con-
trol Channel (PDCCH). In this case, the user equipment may
transmit. new data in correspondence with the UL Grant signal
received on the PDCCH.

The UL Grant signal received on the specific message may
be a UL Grant signal received on a random access response
message received on Physical Downlink Shared Charmel
(PDSCH). In this case, if there is data stored in the Msg3
buffer when receiving the UL Grant signal on the random
access response message, the user equipment may transmit
the data stored in the buffer iii the Msg3 buffer using the UL
Grant signal received on the random access response mes-
sage.

The data stored in the Msg3 buffer may be a Medium
Access Control Protocol Data Unit (MAC PDU) including a
user equipment identifier, and the data stored in the Msg3
buffer further include information about a buffer status report
(BSR) if the user equipment starts the random access proce-
dure for the BSR.

In another aspect ofthe present invention, a user equipment
includes a reception module receiving an uplink grant (UL
Grant) signal from a base station on a specific message, a
transmission module transmitting data to the base station
using the UL Grant signal received on the specific message, a
message 3 (Msg3) buller storing UL data to be transmitted i11
a random access procedure, and a Hybrid Automatic Repeat
Request (HARQ) entity determining whether there is data
stored in the Msg3 buffer when the reception module receives
the UL Grant signal and the specific message is a random
access response message, acquiring the data stored in the
Msg3 buffer ifthere is data stored in the Msg3 buffer when the
reception module receives the UI. Grant signal and the spe-
cific message is the random access response message, and
controlling the transmission module to transmit the data
stored in the Msg3 buffer to the base station using the UL
Grant signal received by the reception module on the specific
message.

The user equipment may further include a multiplexing
and assembly entity used for transmission ofnew data. In this
case, the HARQ entity may acquire the new data to be trans-
mitted from the multiplexing and assembly entity if there is
no data stored in the Msg3 buffer when the reception module
receives the UL Grant signal on the specific message or the
received message is not the random access response message,
and control the transmission module to transmit the new data

acquired from the multiplexing and assembly entity using the
UL Grant signal received by the reception module on the
specific message.

The user equipment may further include one or more
HARQ processes, and HARQ buffers respectively corre-
sponding to the one or more HARQ processes. In this case,
the HARQ entity may transfer the data acquired from the
multiplexing and assembly entity or the Msg3 buffer to a
specific IIARQ process ofthe one or more IIARQ processes
and control the specific HARQ process to transmit the data
acquired from the multiplexing and assembly entity or the
Msg3 buffer through the transmission module.
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When the specific HARQ process transmits the data stored
in the Msg3 buffer through the transmission module, the data
stored in the Msg3 buffer may be controlled to be copied into
a specific HARQ buffer corresponding to the specific HARQ
process, and the data copied into the specific I IARQ buffer
may be controlled to be transmitted through the transmission
module.

The UL Grant signal received by the reception module on
the specific message may be a UL Grant signal received on a
Physical Downlink Control Channel (PDCCH). In this case,
the HARQ entity may control new data to be transmitted in
correspondence with the received UL Grant signal received
on the PDCCH.

The UL Grant signal received by the reception module on
the specific message may be a UL Grant signal received on a
random access response message received on Physical
Downlink Shared Charmel (PDSCH), and the HARQ entity
may control the data stored in the Msg3 buffer to be transmit-
ted using the UL Grant signal received on the random access
response message if there is data stored in the Msg3 buffer
when the reception module receives the UL Grant signal on
the random access response message.

According to the above-described embodiments of the
present invention, it is possible to transmit data stored in a
Msg3 buffer according to a reception mode of a UL Grant
signal, without confusion.

It is to be understood that both the foregoing general
description and the following detailed description of the
present invention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a fiirther understanding of the invention and are incor-
porated in and constitute a part of this application, illustrate
embodiment(s) ofthe invention and togetherwith the descrip-
tion serve to explain the principle of the invention. In the
drawings:

FIG. 1 is a schematic View showing the network architec-
ture of an Evolved Universal Mobile Telecommunication

System (E-UMTS) as anexample ofa mobile communication
system;

FIGS. 2 and 3 are views showing the structures of radio
interface protocols between a user equipment (UE) and a
UMTS Terrestrial Radio Access Network (UTRAN) based on
a 3'5 Generation Partnership Project (3GPP) radio access
network standard;

FIG. 4 is a View illustrating an operating procedure ofa UE
and a base station (eNode B) in a non-contention based ran-
dom access procedure;

FIG. 5 is a View illustrating an operating procedure ofa UE
and an eNode B in a contention based random access proce-
dure;

FIG. 6 is a View illustrating an uplink Hybrid Automatic
Repeat Request (I IARQ) scheme;

FIG. 7 is a View illustrating a method of transmitting a
message 3 in a random access procedure when uplink radio
resources are requested;

FIG. 8 is a View illustrating a problem which may occur
when data stored in a message 3 bufl'er is transmitted by an
Uplink (UL) Grant signal received on a message other than a
random access response message;

FIG. 9 is a flowchart illustrating a method of transmitting
uplink data by a UE according to a preferred embodiment of
the present invention;
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FIG. 10 is a View illustrating a method of transmitting
uplink data when a Buffer status Report (BSR) is triggered in
a UE, according to an embodiment of the present invention;
and

FIG. 11 is a schematic view showing the configuration ofa
UE according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the preferred embodiments of the present
invention will be described with reference to the accompany-
ing drawings. It is to be understood that the detailed descrip-
tion which will be disclosed along with the accompanying
drawings is intended to describe the exemplary embodiments
of the present invention, and is not intended to describe a
unique embodiment which the present invention can be car-
ried out. Hereinafter, the detailed description includes
detailed matters to provide full understanding of the present
invention. However, it will be apparent to those skilled in the
art that the present invention can be carried out without the
detailed matters. For example, the following description will
be made on the assumption that a mobile communication
system is a 3"’ Generation Partnership Project Long Term
Evolution (3GPP LTE) system, but the present invention is
applicable to other mobile communication systems excluding
the 3GPP LTE system.

In some instances, well-known structures and devices are
omitted in order to avoid obscuring the concepts of the
present invention and the important fimctions of the struc-
tures and devices are shown in block diagram form. The same
reference numbers will be used throughout the drawings to
refer to the same or like parts.

In the following description, it is assumed that a terminal
includes a mobile or fixed user end device such as a user

equipment (UE) and a mobile station (MS), and a base station
includes a node of a network end communicating with a
terminal, such as a Node-B, an eNode B, and a base station.

As described above, in the following description, a prob-
lem which may occur when data stored in a message 3 (Msg3)
bufler is transmitted according to a reception mode of an
Uplink (UL) Grant signal will be described in detail and a
method of solving the problem will be described. Transmis-
sion and reception of a signal using a random access proce-
dure and a Hybrid Automatic Repeat Request (HARQ)
scheme will be described in detail.

FIG. 4 is a view illustrating an operating procedure of a
terminal (UE) and a base station (eNode B) in a non-conten-
tion based random access procedure.

(1) Random Access Preamble Assignment
As described above, a non-contention based random access

procedure may be performed (1) in a handover procedure and
(2) when the random access procedure is requested by a
command of an eNode B. Even in these cases, a contention
based random access procedure may be performed.

First, it is important that a specific random access preamble
without the possibility ofcollision is received from the eNode
B, for the non-contention based random access procedure.
Methods of receiving the random access preamble may
include a method using a handover command and a method
using a Physical Downlink Control Charmel (PDCCH) com-
mand. The UE receives an assigned random access preamble
(S401).

(2) Message 1 Transmission
The UE transmits the preamble to the eNode B after receiv-

ing the assigned random access preamble from the eNode B
as described above (S402).
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(3) Message 2 Transmission

The UE attempts to receive a random access response
within a random access response reception window indicated
by the eNode B through a handover command or system
information after transmitting the random access preamble in
step S402 (S403). More specifically, the random access
response information may be transmitted in the form of a
MediumAccess Control (MAC) Packet Data Unit (PDU), and
the MAC PDU may be transferred via a Physical Downlink
Shared Channel (PDSCH). In addition, the UE preferably
monitors the PDCCH in order to enable to the UE to properly
receive the information transferred via the PDSCH. That is,
the PDCCH may preferably include information about a UE
that should receive the PDSCH, frequency and time informa-
tion ofradio resources ofthe PDSCH, a transfer format ofthe
PDSCH, and the like. Here, if the PDCCH has been success-
fully received, the UE may appropriately receive the random
access response transmitted on the PDSCH according to
information ofthe PDCCH. The random access response may
include a random access preamble identifier (e.g. Randem
Access-Radio Network Temporary Identifier (RA-RNTI)),
an UL Grant indicating uplink radio resources, a temporary
C-RNTI, a Time Advance Command (TAC), and the like.

As described above, the reason why the random access
response includes the random access preamble identifier is
because a single random access response may include ran-
dom access response information ofat least one UE and thus
it is reported to which UE the UL Grant, the Temporary
C-RNTI and the TAC are valid. In this step, it is assumed that
the UE selects a random access preamble identifier matched
to the random access preamble selected by the UE in step
S402.

In the non-contention based random access procedure, it is
determined that the random access procedure is normally
performed, by receiving the random access response infor-
mation, and the random access procedure may be finished.

FIG. 5 is a view illustrating an operating procedure ofa UE
and an eNode B in a contention based random access proce-
dure.

(1) Message 1 Transmission

First, the [III may randomly select a single random access
preamble from a set of random access preambles indicated
through system information or a handover command, and
select and transmit a Physical Random Access Charmel
(PRACH) capable of transmitting the random access pre-
amble (S501).

(2) Message 2 Reception

A method of receiving random access response informa-
tion is similar to the above-described non-contention based

random access procedure. That is, the UE attempts to receive
its own random access response within a random access
response reception window indicatedby the eNode B through
the system information or the handover command, after the
random access preamble is transmitted in step S501, and
receives a Physical Downlink Shared Channel (PDSCH)
using random access identifier information corresponding
thereto (S502). Accordingly, the UE may receive a UL Grant,
a Temporary C-RNTI, a TAC and the like.

(3) Message 3 Transmission

Ifthe UE has received the random access response valid for
the UE, the UE may process all ofthe information included in
the random access response. That is, the UE applies the TAC,
and stores the temporary C-RNTI. In addition, data which
will be transmitted in correspondence with the reception of
the valid random access response may be stored in a Msg3

16



17

US 7,881,236 B2

9

buffer. A process of storing the data in the Msg3 buffer and
transmitting the data will be described later with reference to
FIG. 7.

The UE uses the received UL Grant so as to transmit the

data (that is, the message 3) to the eNode B (S503). The
message 3 should include a UE identifier. In the contention
based random access procedure, the eNode B may not deter-
mine which UES are performing the random access proce-
dure, but later the UEs should be identified for contention
resolution.

Here, two difierent schemes for including the UE identifier
may be provided. A first scheme is to transmit the UE’s cell
identifier through an uplink transmission signal correspond-
ing to the UL Grant ifthe UE has already received a valid cell
identifier allocated by a corresponding cell prior to the ran-
dom access procedure. Conversely, the second scheme is to
transmit the UE’s unique identifier (e.g., S-TMSI or random
ID) ifthe UE has not received a valid cell identifier prior to the
random access procedure. In general, the unique identifier is
longer than the cell identifier. If the UE has transmitted data
corresponding to the UL Grant, the UE starts a contention
resolution (CR) timer.

(4) Message 4 Reception

After transmitting the data with its identifier through the
UL Grant included in the random access response, the UE
waits for an indication (instruction) Ji'om the eNode B for
contention resolution. That is, the UE attempts to receive the
PDCCH so as to receive a specific message (S504). Here,
there are two schemes to receive the PDCCH. As described

above, the UE attempts to receive the PDCCH using its own
cell identifier if the message 3 transmitted in correspondence
with the UL Grant is transmitted using the UE’ s cell identifier,
and the UF, attempts to receive the PDCCH using the tempo-
rary C-RN'l'l included in the random access response if the
identifier is its unique identifier. Thereafter, in the former
scheme, if the PDCCH is received through its own cell iden-
tifier before the contention resolution timer is expired, the UE
determines that the random access procedure has been nor-
mally performed and completes the random access proce-
dure. In the latter scheme, if the PDCCH is received through
the temporary C-RNTI before the contention resolution timer
has expired, the UE checks data transferred by the PDSCH
indicated by the PDCCH. If the unique identifier ofthe UE is
included in the data, the UE determines that the random
access procedure has been normally performed and com-
pletes the random access procedure.

Hereinafter, the LTE system, by way of example, a uplink
I lybrid Automatic Repeat Request (I IARQ) scheme of a
MAC layer will be described, concentrating on the transmis-
sion ofuplink data.

FIG. 6 is a View illustrating an HARQ scheme.

A UE may receive UL Grant information or UL scheduling
information from an eNode B on a PDCCH (step S601), in
order to transmit data to the eNode B by the HARQ scheme.
In general, the UL scheduling information may include a UE
identifier (e.g., a C-RNTI or a Semi-Persistent Scheduling
C-RNTI), resource block assignment, transmission param-
eters (modulation, coding scheme and redundancy version),
and a New Data Indicator (NDI). In the LTE system, the UE
has eight HARQ processes and the HARQ processes are
synchronously performed with Transmission Time Intervals
(TTIs). That is, specific IIARQ processes may be sequen-
tially assigned according to points in time when data is
received, in a manner ofusing the first HARQ process at TTI
9 and using the second HARQ process at TTI 10 after a first
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HARQ process is used at TTI 1, a second HARQ process is
used at TTI 2, . . . , and an eighth HARQ process is used at TTI
8.

In addition, since the HARQ processes are synchronously
assigned as described above, a HARQ process connected to a
TTI in which a PDCCH for initial transmission of specific
data is received is used for the transmission of the data. For

example, if it is assumed that the UE has received a PDCCH
including UL scheduling information at an Nth TTI, the UE
transmits data at an (N+4)”' TTI. In other words, a K"' HARQ
process assigned at the (N+4)” TTI is used for the transmis-
sion of the data. That is, the UF, may transmit the data to the
eNode B on a PUSCH according to the UL scheduling infor-
mation after checking the UL scheduling information trans-
mitted to the UE by monitoring the PDCCH at every TTI (step
S602).

When the data has been received, the eNode B stores the
data in a soft bufler and attempts to decode the data. The
eNode B transmits an ACK signal if the decoding of the data
succeeds and transmits an NACK signal ifthe decoding ofthe
data fails. An example in which the decoding of the data fails
and the eNode B transmits the NACK signal on a Physical
HARQ Indicator Channel (PHICH) is shown in FIG. 6 (step
S603).

When the ACK signal has been received from the eNode B,
the UE determines that the transmission of the data to the

eNode B succeeds and transmits next data. However, when
the UE receives the NACK signal as shown in FIG. 6, the UE
may determine that the transmission of the data to the eNode
B has failed and retransmit the same data by the same scheme
or a new scheme (step S604).

The HARQ retransmission ofthe UE may be performed by
a non-adaptive scheme. That is, the initial transmission of
specific data may be performed when the PDCCH including
the UL scheduling information should be received, but the
retransmission may be performed even when the PDCCH is
not received. In the non-adaptive I-LARQ retransmission, the
data is retransmitted using the same UL scheduling in.fom1a-
tion as the initial transmission at a TTI at which a next HARQ
process is assigned, without receiving the PDCCH.

The HARQ retransmission ofthe UF. may be performed by
an adaptive scheme. In this case, transmission parameters for
retransmission are received on the PDCCH, but the UL sched-
uling information included in the PDCCH may be different
from that of the initial transmission according to charmel
statuses. For example, if the charmel status is better than that
ofthe initial transmission, transmission may be performed at
a high bit rate. In contrast, if the channel status is worse than
that of the initial transmission, transmission may be per-
formed at a lower bit rate than that of the initial transmission.

If the UE receives the UL scheduling information on the
PDCCH, it is determined whether data which shouldbe trans-
mitted at this time is data which is initially transmitted or
previous data which is retransmitted, by an NDI field
included in the PDCCH. The NDI field is toggled in the order
010, 1, O, 1, . . . whenever new data is t1"ansmit.ted as described
above, and the NDI field of the retransmission has the same

value as that of the initial transmission. Accordingly, the UE
may compare the NDI field with the previously transmitted
value so as to determine whether or not the data is retrans-
mitted.

The UE counts the number oftimes oftransmission (CUR-
RF,NT_TX_NB) whenever data is transmitted by the IIARQ
scheme, and deletes the data stored in the HARQ buffer when
CURRENT_TX_NB has reached a maximum transmission

number set in an RRC layer.

17



18

US 7,881,236 B2

11

When the retransmitted data is received, the eNode B
attempts to combine the received data and the data stored in
the soft buffer due to the failure of the decoding by various
schemes and decodes the combined data. The eNode B trans-

mits an ACK signal to the Ult‘, if the decoding succeeds and
transmits an NACK signal to the UE ifthe decoding fails. The
eNode B repeats a process of transmitting the NACK signal
and receiving the retransmitted data until the decoding ofthe
data succeeds. Ir1the example ofFIG. 6, the eNode B attempts
to combine the data retransmitted in step S604 and the data
which is previously received and stored and decodes the
combined data. The eNode B transmits the ACK signal to the
UE on the PHICH if the decoding of the received data suc-
ceeds (step S605). The UE may transmit the UL scheduling
information for the transmission ofnext data to the UE on the

PDCCH, and may transmit the NDI toggled to l in order to
report that the UL scheduling information is not used for the
adaptive retransmission, but is used for the transmission of
new data (step S606). The UE may transmit new data to the
eNode B on the PUSCH corresponding to the received UL
scheduling information (step S607).

The random access procedure may be triggered in the
above-described cases as described above. Hereinafter, the
case where the UE requests UL radio resources will be
described.

FIG. 7 is a View illustrating a method of transmitting a
message 3 in a random access procedure when UI . radio
resources are requested.

When new data is generated in a transfer buffer 601 ofthe
UE, for example, an RLC buffer and a PDCP buffer, the UE
should generally inform the eNode B ofinformation about the
generation of the data. More accurately, when data having
priority higher than that ofdata stored in the transfer buffer of
the UE is generated, the UE informs the eNode B that the data
is generated.

This indicates that the UE requests radio resources to the
eNode B in order to transmit the generated data. The eNode B
may assign proper radio resources to the UE according to the
above information. The information about the generation of
the data is called a buffer status report (hereinafter, referred to
as “BSR”). Hereinafier, as described above, the request for
the transmission ofthe I ESR is represented by triggering ofthe
BSR transmission (S6100). If the BSR transmission is trig-
gered, the UE should transmit the BSR to the eNode B.
However, if the radio resources for transmitting the BSR are
not present, the UE may trigger a random access procedure
and attempt to request radio resources (S6200).

As described above, if the random access procedure for
requesting the radio resources to the eNode B is triggered, the
UE may transmit a random access preamble to the eNode B
and receive a random access response message corresponding
thereto as described with reference to FIGS. 4 and 5. In

addition, a message 3 (that is, a MAC PDU) including a UE
identifier and a BSR may be generated and stored in a Msg3
buffer 602, in a MAC layer of the UE through a UL Grant
signal included in the random access response message. The
message 3 stored in the Msg3 bullcr 602 may be copied and
stored in a HARQ process buffer 603 indicated by the UL
Grant information. FIG. 7 shows, by way ofexample, the case
where the HARQ process A is used for the transmission ofthe
message 3. Thus, the message 3 is copied to the HARQ buffer
603 corresponding to the HARQ process A. The message 3
stored in the HARQ buffer 603 may be transmitted to the
eNode B on a PUSCII.

Meanwhile, ifthe UE should perform retrial ofthe random
access procedure due to contention resolution failure, the UE
may transmit the random access preamble to the eNode B
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again and receive a random access response (S6300). How-
ever, in the retried random access procedure, the UE uses the
message 3 stored in the Msg3 buffer 602 again, without
generating a new message 3. That is, the UE may copy and
store the MAC PI )U corresponding to the message 3 stored in
the Msg3 buffer 602 in a HARQ buffer 604, and transmit the
MAC PDU, according to the UL Grant signal included in the
random access response received in the retried random access
procedure. FIG. 7 shows the case where the reattempted
random access procedure is performed by a HARQ process B.
The data stored in the Msg3 buffer 602 may be copied into the
HARQ buffer B and transmitted.

As described above, if the random access response is
received while the random access procedure is performed, the
UE stores the message 3 stored in the Msg3 buffer in the
PLARQ buffer and transmits the message 3. As described
above, in the current the LTE system standard for the HARQ
process, it is defined that the transmission ofthe data stored in
the Msg3 buffer is triggered by the reception ofany UL Grant
signal. Accordingly, the CR timer may be erroneously driven
such that an erroneous contention resolution process is per-
formed. Due to the erroneous contention resolution proce-
dure, the above-described BSR may not be normally trans-
mitted and the UE may come to deadlock. This problem will
be described in detail with reference to FIG. 8.

FIG. 8 is a View illustrating a problem which may occur
when data stored in a Msg3 buffer is transmitted by an Uplink
(UL) Grant signal received on a message other than a random
access response message.

As described with reference to FIG. 7, the UE may trigger
the BSR when high priority data is generated, transmit the
random access preamble in order to transmit the BSR to the
eNode B (S801), and receive the random access response
corresponding thereto (S802).

Thereafter, the UE may transmit a message 3 including the
BSR via UL Grant infonnation included in the random access

response message received in step S802 (S803). If the mes-
sage 3 is transmitted, the CR timer is operated as described
with reference to FIG. 5.

Ifthe random access procedure is completed before the CR
timer expires, the UE determines that the random access
procedure has not been successfully completed (S804). In this
case, the UE may try to restart the random access procedure
from the transmission of the random access preamble.

At this time, since the eNode B does not yet know that the
UE is performing the random access procedure, the eNode B
may transmit a UL Grant signal independent of the random
access procedure on a masked PDCCH (S805). In this case,
according to the current LTE system standard, the UE trans-
mits the message 3 stored in the Msg3 buffer according to the
UL Grant signal received on the PDCCH in step S805 (S806).
In addition, when the message 3 is transmitted, the CR tir11er
is restarted. That is, even when the UE does not perform the
transmission of the random access preamble and the recep-
tion of the random access response message, the CR timer is
restarted in step S806.

Although Ll1e CR timer is started as the UE transmits the
message 3 in step S806, the eNode B may not know that the
UE is performing the random access procedure because the
reception of the random access preamble and the transmis-
sion of the random access response message are not per-
formed. Ifanother UL Grant signal is received on the PDCCH
including the UE identifier (S807), the UE determines that the
ongoing random access procedure is successfully completed.
Accordingly, the UE may stop the ongoing CR time (S808).

If the message 3 transmitted to the eNode B in step S806 is
not successfully received by the eNode B (A), the UE no
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longer transmits the message 3 including the BSR. Accord-
ingly, if additional data is not generated, the UE may not
transmit the data generated in the transfer buffer to the eNode
B.

'Ihe above-described problem will be described as follows.
According to the current LTE system standard, if the UL

Grant signal is received in a state in which the data is stored in
the Msg3 buffer, the UE transmits the data stored in the Msg3
buffer to the eNode B. At this time, the UL Grant signal may
be transmitted by the eNode B, not for the transmission of the
data stored in the Msg3 buffer, but for the transmission of
other data. Accordingly, the CR timer may be erroneously
started.

In addition, ifthe eNode B does not know that the CR timer
is erroneously started in the UE and transmits the UL Grant
signal for the transmission of other data as described with
reference to FIG. 8, information (e.g., BSR) to be transmitted
through the message 3 may be lost.

In addition, the UE may not receive a message 4 for com-
pleting a proper contention resolution procedure even with
respect to the ongoing random access procedure.

In a preferred embodiment of the invention for solving the
above-described problem, the data stored in the Msg3 buffer
is restrictively transmitted only in the case where the UL
Grant signal received from the eNode B is received on the
random access response message, but not in all cases where
the UI, Grant signal is received from the eNode B. If the UI.
Grant signal is received on the masked PDCCH not by the
random access response message but by the UE identifier
(C-RNTI or a Semi Persistent Scheduling Radio Network
Temporary Identifier (SPS-RNTI)) in a state in which the data
is stored in the Msg3 buffer, a method of acquiring and trans-
mitting new data (MAC PDU) to the eNode B instead of the
data stored in the Msg3 buffer is suggested.

FIG. 9 is a llowchart illustrating a method of transmitting
UL data by a UE according to a preferred embodiment of the
present invention. In more detail, FIG. 9 shows the operation
of a HARQ entity of the UE according to an embodiment of
the present invention at every TTI.

First, the HARQ entity of the UE may identify a HARQ
process associated with a TTI (S901). If the HARQ process
associated with the 'I"l'l is identified, the I IARQ entity ofthe
UE may determine whether or not a UL Grant signal received
from the eNode B indicated at the TTI (S902). The UE may
determine whether or not a HARQ buffer corresponding to
the HARQ process is empty if there is no information about
the received UL Grant signal at the TTI, and perform non-
adaptive retransmission as described with reference to FIG. 6
if there is data in the HARQ buffer (S903).

Meanwhile, ifthere is a UL Grant signal received from the
eNode B at the TTI, it may be determined (1) whether the UL
Grant signal is not received on the PDCCH indicated by the
temporary C-RNTI and the NDI is toggled from the value
during transmission prior to the HARQ process, (2) whether
there is previous NDI and this transmission is initial trans-
mission of the HARQ process, (3) whether the UL Grant
signal is received on the PDCCH indicated by the C-RNTI
and the HARQ buffer of the HARQ process is empty, or (4)
whether the UL Grant signal is received on the random access
response message (S904). If any one of the conditions (1) to
(4) is satisfied in step S904 (A), the method progresses to step
S906. In contrast, if any one ofthe conditions (1) to (4) is not
satisfied in step S904 (B), the method progresses to step S905
of performing adaptive retransmission using the UI. Grant
signal (S905).

Meanwhile, the UE determines whether there is data in the
Msg3 buffer in step S906 (S906). In addition, even whenthere
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is data in the Msg3 buffer, the UE determines whether the
received UL Grant signal is received on the random access
response message (S907). That is, the UE according to the
present embodiment transmits the data stored in the Msg3
buffer only when there is data in the Msg3 buffer when
receiving the UL Grant signal and the UL Grant signal is
received on the random access response message (S908). If
there is no data in the Msg3 buffer when receiving the UL
Grant signal or the UL Grant is not received on the random
access response message, the UE determines that the eNode B
makes a request not for the transmission ofthe data stored in
the Msg3 buffer but for transmission of new data, and per-
forms new data transmission (S909). In more detail, the
HARQ entity of the UE may be controlled such that a MAC
PDU including new data from a multiplexing and assembly
entity is acquired and is transmitted through the HARQ pro-cess.

Hereinafter, an example applied to a process of transmit-
ting a BSR by the UE which operates by the embodiment
described with reference to FIG. 9 as shown in FIG. 8 will be
described.

FIG. 10 is a View illustrating a method of transmitting UL
data when a BSR is triggered in a UE, according to an
embodiment of the present invention.

As described above, new data may be generated in the RLC
and PDCP buffers ofthe UE. It is assumed that the generated
new data has higher priority than that of the data already
stored in the RLC and PDCP buffers. The UE may trigger the
BSR transmission in order to inform an eNode B ofinforma-

tion about the generation of the data (step 1).
The UE should transmit the BSR according to BSR trans-

mission trigger, but, in a special case, there may be no radio
resource for transmitting the BSR. In this case, the UE may
trigger a random access procedure for transmitting the BSR.
It is assumed that the random access procedure triggered in
the present embodiment is the contention based random
access procedure described with reference to FIG. 5.

The UE may transmit a random access preamble to the
eNode B according to the triggering of the random access
procedure (step 2).

The eNode B may receive the random access preamble
transmitted by the U l I‘. andtransmit a random access response
message to the UE (step 3). The UE may receive the random
access response message.

The UE may generate a message 3 including the BSR and
a UE identifier according to a UL Grant signal included in the
random access response message received in step 3 and store
the message 3 in a Msg3 buffer (step 4).

The UE may select a HARQ process according to the UL
Grant information included in the random access response
message received in step 3 and copy and store the message 3
stored in the Msg3 buffer in the buffer corresponding to the
selected HARQ process. Thereafter, the data stored in the
HARQ buffer may be transmitted to the eNode B according to
the UL HARQ procedure described with reference to FIG. 6
(step 5). The UE starts (or restarts) the CR timer by the
transmission of the message 3.

When the CR timer expires, the UE may perform retrial of
the random access procedure. That is, a random access pre-
amble and a PRACH resource may be prepared to be selected
and transmitted to the eNode B. However, in a state in which
the CR timer is not operated, the UE. may receive the UL
Grant signal from the eNode B on a PDCCH masked by a UE
identifier (step 6).

When the UL Grant signal has been received on the
PDCCH in step 6, the UE generates new data different from
the data stored in the Msg3 buffer according to the UL Grant
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information received in step 6 as a new MAC PDU, unlike the
procedure of the embodiment of FIG. 8 for transmitting the
message 3 stored m the Msg3 buffer according to the UL
Grant information received in step 6 (step 7). In more detail,
if the UH receives the U 1. Grant signal in step 6 but does not
receive the UL Grant signal on the random access response
message, a MAC PDU for transmitting not the data stored in
the Msg3 buffer but new data from a multiplexing and assem-
bly entity may be acquired and transmitted using a HARQ
process corresponding thereto.

After the new IVIAC PDU is generated, the UE according to
the present embodiment may select a HARQ process accord-
ing to the UL Grant signal received in step 6, store the MAC
PDU newly generated in step 7 in the buffer corresponding to
the HARQ process, and transmit the MAC PDU to the eNode
B according to the UL HARQ procedure (step 8).

Thereafter, the UE may perform a random access proce-
dure including the transmission of the random access pre-
amble and the reception of the random access response and
transmit the BSR stored in the Msg3 bullcr to the cNod.e B.

According to the above-described embodiment, it is pos-
sible to prevent the eNode B from erroneously operating the
CR timer due to the UL Grant signal transmitted not for
transmission of the data stored in the Msg3 bufi°er but for
transmission of new data. Accordingly, the problem that the
message 3 is lost may be solved. In addition, the random
access procedure of the UP. with the eNode B may be nor-
mally performed.

Unlike the above-described embodiment, as another
embodiment ofthe present invention, a method ofperforming
a process while ignoring the UL Grant signal ifthe UL Grant
signal is received from the eNode B on the PDCCH masked
by the UE identifier during the random access procedure of
the UE may be implemented. In this case, the UE may transfer
the message 3 to the eNode B by the normal random access
procedure, and the eNode B may retransmit the UL Grant
signal for the transmission of new data after the random
access procedure ofthe UE is completed.

Hereinafter, the configuration of the UE for implementing
the above-described embodiment of the present invention
will be described.

FIG. "I 1 is a schematic view showing the configuration ofa
UE according to an embodiment of the present invention.

As shown in FIG. 11, the UE according to the present
embodiment may include a reception (Rx) module 1101 for
receiving a UL Grant signal from an eNode B on a specific
message, a transmission (IX) module 1102 for transmitting
data to the eNode B using the received UL Grant signal, a
Msg3 buffer 11 03 for storing UL data transmitted in a random
access procedure, and a HARQ entity 1104 for controlling the
transmission of UL data of the UE.

In particular, the HARQ entity 1104 ofthe UE according to
the present embodiment performs a 1‘lJI1CI10l’1 of determining
whether there is data stored in the Msg3 buffer 1 103 when the
Rx module 1101 receives the UL Grant signal and a function
ofdetermining whether the Rx module 1101 receives the UL
Grant signal on a random access response message. Iflhcre is
data stored in the Msg3 buffer 11 03 when the Rx module 11 01
receives the UL Grant signal and the RX module 1101
receives the UL Grant signal on the random access response
message, the data stored inthe Msg3 buffer 1103 is controlled
to be acquired and transmitted to the eNode B. If there is no
data stored in the Msg3 buffer 11 03 when the Rx module 1 1 01
receives the UI. Grant signal and the RX module ‘I "I 01
receives the UL Grant signal not on the random access
response message but on the PDCCH, the data stored in the
Msg3 buffer 1103 is not transmitted but new data is acquired
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from the multiplexing and assembly entity in the form of a
MAC PDU and is transmitted to the eNode B.

In addition, in order to perform the UL HARQ procedure,
the UE according to the present embodiment may include one
or more I IARQ processes "I106 and I IARQ buffers ‘1107
corresponding to the HARQ processes 1106. In the current
LTE system, eight independent HARQ processes are defined
for use, but the present invention is not limited thereto.

Meanwhile, the HARQ entity 1104 according to the
present embodiment may transfer the data acquired from the
multiplexing and assembly entity 1105 or the msg3 buffer
1103 to a specific HARQ process 1106 using the above-
described configuration, and control the specific HARQ pro-
cess 1106 to transmit the data acquired from the multiplexing
and assembly entity 1105 or the Msg3 buffer 1103 through
the TX module 1102. As described above, if the specific
HARQ process 1106 transmits the data stored in the Msg3
bufi'er 1103 through the Tx module 1102 as described above,
the data stored in the Msg3 buffer 1 103 may be copied into the
spccilic HARQ bullcr 1107 corresponding to the specilic
HARQ process 1106 and the data copied into the specific
HARQ buffer 1107 may be transmitted through the Tx mod-
ule 1102.

At this time, the data stored in the Msg3 buffer 1103 is a
MAC PDU including a UE identifier and may further include
information such as a BSR according to the purpose of the
random access procedure.

In the configuration of the UE shown in FIG. 11, the Tx
module 1102 and the Rx module 1101 may be configured as
a physical layer processing module 1108, and the HARQ
entity 1104, the multiplexing and assembly entity 1105 and
one or more HARQ processes 1106 may be configured as a
MAC layer module 1109. However, the invention is not lim-
ited thereto. In addition, the Msg3 buffer 1103 and the HARQ
bullers 1107 corresponding to the HARQ processes 1106
may be implemented using any storage medium.

Although the signal transmission or reception technology
and the UE for the same are applied to a 3GPP LTE system,
they are applicable to various mobile communication systems
having a similar procedure, in addition to the 3GPP LTE
system.

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 cov-
ers the modifications and variations ofthis invention provided
they come within the scope of the appended claims and their
equivalents.

What is claimed is:

1. A method of transmitting data by a user equipment
through an uplink, the method comprising:

receiving an uplink grant (UL Grant) signal from a base
station on a specific message;

determining whether there is data stored in a message 3
(Msg3) bufferwhen receiving the UL Grant signal onthe
specific message;

determining whether the specific message is a random
access response message;

transmitting the data stored in the Msg3 buffer to the base
station using the UL Grant signal received on the spe-
cific message, if there is data stored in the Msg3 buffer
when receiving the UL Grant signal on the specific mes-
sage and the specific message is the random access
response message; and

transmitting new data to the base station in correspondence
with the UL Grant signal received on the specific mes-
sage, if there is no data stored in the Msg3 buffer when
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receiving the UL Grant signal on the specific message or
the specific message is not the random access response
message.

2. The method according to claim 1, wherein the transmit-
ting the new data to the base station includes:

acquiring a Medium Access Control Protocol Data Unit
(MAC PDU) from a multiplexing and assembly entity;
and

transmitting the MAC PDU to the base station.
3. The method according to claim 1, wherein the UL Grant

signal received on the specific message is a UL Grant signal
received on a Physical Downlink Control Charmel (PDCCH),
and

wherein the user equipment transmits new data in corre-
spondence with the UL Grant signal received on the
PDCCH.

4. The method according to claim 1, wherein the data
stored in the Msg3 buffer is a Medium Access Control Pro-
tocol Data Unit (MAC PDU) including a user equipment
identifier.

5. The method according to claim 4, wherein the data
stored in the Msg3 buffer further includes information about
a buffer status report (BSR) if the user equipment starts a
random access procedure for the BSR.

6. The method of claim 1, wherein the UL Grant signal
received on the specific message is either a UL Grant signal
received on a Physical Downlink Control Channel (PI )C(Il I)
or a UL Grant signal received on the random access response
message.

7. A user equipment, comprising:
a reception module adapted to receive an uplink grant (UL

Grant) signal from a base station on a specific message;
a transmission module adapted to transmit data to the base

station using the UL Grant signal received on the spe-
cific message;

a message 3 (Msg3) buffer adapted to store UL data to be
transmitted in a random access procedure;
Hybrid Automatic Repeat Request (HARQ) entity
adapted to determine whether there is data stored in the
Msg3 buffer when the reception module receives the UL
Grant signal and the specific message is a random access
response message, acquiring the data stored in the Msg3
buffer ifthere is data stored in the Msg3 buffer when the
reception module receives the UL Grant signal and the
specific message is the random access response mes-
sage, and controlling the transmission module to trans-
mit the data stored in the Msg3 buffer to the base station
using the UL Grant signal received by the reception
module on lhc specific message; and

a multiplexing and assembly entity used for transmission
ofnew data,

wherein the HARQ entity acquires the new data to be
transmitted irom the multiplexing and assembly entity if
there is no data stored in the Msg3 buffer when the
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reception module receives the UL Grant signal on the
specific message or the received message is not the ran-
dom access response message, and controls the trans-
mission module to transmit the new data acquired from
the multiplexing and assembly entity using the U I , Grant
signal received by the reception module on the specific
message.

8. The user equipment according to claim 7, further com-
prising:

one or more HARQ processes; and
HARQ buffers respectively corresponding to the one or

more HARQ processes,
wherein the HARQ entity transfers the data acquired from

the multiplexing and assembly entity or the Msg3 buffer
to a specific HARQ process of the one or more HARQ
processes and controls the specific HARQ process to
transmit the data acquired from the multiplexing and
assembly entity or the Msg3 buffer through the trans-
mission module.

9. The user cquipmcnt according to claim 8, wherein, when
the specific HARQ process transmits the data stored in the
Msg3 buffer through the transmission module, the data stored
in the Msg3 buffer is controlled to be copied into a specific
HARQ buffer corresponding to the specific HARQ process,
and the data copied into the specific HARQ buffer is con-
trolled to be transmitted through the transmission module.

1 0. The user equipment according to claim 7, wherein the
UL Grant signal received by the reception module on the
specific message is a UL Grant signal received on a Physical
Downlink Control Channel (PDCCH), and

wherein the HARQ entity controls new data to be trans-
mitted in correspondence with the received UL Grant
signal received on the PDCCH.

11. The user equipment according to claim 7, wherein the
UL Grant signal received by the rcccplion module on the
specific message is a UL Grant signal received on a random
access response message received on Physical Downlink
Shared Charmel (PDSCH), and

wherein the HARQ entity controls the data stored in the
Msg3 buffer to be transmittedusing the UL Grant signal
received on the random access response message ifthere
is data stored in the Msg3 buffer when the reception
module receives the UL Grant signal on the random
access response message.

12. The user equipment according to claim 7, wherein the
data stored in the Msg3 buffer is a Medium Access Control
Protocol Data Unit (MAC PDU) including a user equipment
identifier.

13. The user equipment of claim 7, wherein the UL Grant
signal received on the specific message is either a UL Grant
signal received on a Physical Downlink Control Charmel
(PDCCH) or a UL Grant signal received on the random access
response message.


