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METHOD FOR PROCESSING NDI IN RANDOM ACCESS PROCEDURE AND A

METHOD FOR TRANSMITTING AND RECEIVING A SIGNAL USING THE SAME

Field of the Invention

The present invention relates to a method for transmitting
and receiving a signal by efficiently processing a new data
indicator (NDI) received and stored in a user equipment (UE)
during a random access procedure of a mobile communication

system, and a user equipment for the method.

Discussion of the Related Art

As an example of a mobile communication system to which
the present invention can be applied, a third generation
partnership project long term evolution (3GPP LTE)
communicaﬁion system will be described in brief.

FIG. 1 is a diagram illustrating a network structure of an
E-UMTS (Evolved-Universal Mobile Telecommunications System)
which is a mobile communication system. An E-UMTS is a system
evolving from the conventional universal mobile
telecommunication system (UMTS) and its basic standardization
is currently handled by the 3GPP. Generally, The E-UMTS may
be called a long term evolution (LTE) system.

The E—UMTS network may lafgely be classified into a UMTS

terrestrial radio access network (E-UTRAN) 101 and a core
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network (CN) 102. The E-UTRAN 101 includes a user equipment
(UE) 103, a base station (eNode-B or eNB) 104, and an access
gateway (AG) which is located at an end of the network and
is connected to an external network. The AG 105 may be
classified into a part for handling user traffic and a part
for handling control traffic. At this time, an AG for
handling new user traffic may communicate with another AG for
handling control traffic via a new interface.

At least one cell exists in one eNB. An interface for
transmitting user traffic or control traffic may be located
between eNBs. The core network (CN) 102 can include a node
for user registration of other user equipment (UE) 103 and
the access gateway 105. An interface for discriminating
between the E-UTRAN 101 and the CN 102 may also be used.

Layers of a radio interface protocol between a UE and a
network can be classified into a first layer L1, a second
layer L2 and a third layer L3 based on three lower layers of
an OSI (open system interconnection) standard model widely
known in communication systems. A physical layer belonging
to the first layer L1 provides an information transfer
service using a physical channel. A radio resource control
(hereinafter, abbreviated as ‘RRC’) layer 1located at the
third layer plays a role in controlling radio resources
between the UE and the network. For this, the RRC layer

enables RRC messages to be exchanged between the UE and the
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network. The RRC layer may distributively be located at
network nodes including the eNode B 104, the AG 105 and the
like, or may independently be located at either the eNode B
104 or the AG 105.

FIG. 2 and FIG. 3 are diagrams illustrating a structure
of a radio interface protocol between a user equipment and
UTRAN based on the 3GPP radio access network standard.

The radio interface protocol of FIG. 2 and FIG. 3 1is
horizontally divided into a physical layer PHY, a data 1link
layer and a network layer, and is vertically divided into a
user plane for transmitting data information and a control
plane for transmitting control signaling. In detail, FIG. 2
illustrates layers of the radio protocol control plane and
FIG. 3 illustrates the layers of the radio protocol user
plane. The protocol layers of FIG. 2 and FIG. 3 may be
divided into a first layer (Ll1l), a second layer (L2) and a
third layer (L3) based on the three lower layers of an open
system interconnection (0S1) standard model which is well-
known in the art of communication systems.

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

The physical 1layer PHY, which 1is the first layer,
provides an information transfer service to an upper layer

by wusing a physical channel. The physical layer 1is
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connected with a medium access control (MAC) layer located
at a higher 1level through a transport channel, and data
between the MAC layer and the physical layer is transferred
via the transport channel. At this time, the transport
channel is divided into a dedicated transport channel and a
common transport <channel depending on channel sharing.
Between different physical layers, namely, between physical
layers of a transmitter and a receiver, data is transferred
via the physical channel using radio resources.

Several layers exist in the second layer. First of all, a
medium access control (MAC) layer of the second layer serves
to map various logical channels with various transport
channels. Also, the MAC layer performs multiplexing for
mapping several logical channels with one transport channel.
The MAC layer is connected with an RLC layer corresponding to
its upper layer through the 1logical channel. The logical
channel is divided into a control channel and a traffic
channel depending on types of transmitted information,
wherein the control channel transmits information of the
control plane and the traffic channel transmits information
of the user plane.

The RLC layer of the second layer serves to perform
segmentation and concatenation of data received from its
upper layer to control a size of the data so that the lower

layer transmits the data to a radio-communication interval.
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Also, the RLC layer of the second layer provides three action
modes, i.e., a transparent mode (TM), an unacknowledged mode
(UM), and an acknowledged mode (AM) to ensure various quality
of services (QoS) required by each radio bearer (RB). 1In
particular, the AM RLC layer performs a retransmission
function through automatic repeat and request (ARQ) for
reliable data transmission.

In order to effectively transmit data using' IP packets
(e.g., IPv4d or IPv6) within a radio-communication interval
having a narrow bandwidth, a PDCP (packet data convergence
protocol) iayer of the second layer (L2) performs header
compression to reduce the size of IP packet header having
relatively great size and unnecessary control information.
The header compression is to increase transmission efficiency
of the radio-communication period by allowing a packet header
of data to transmit necessary information only. Also, in the
LTE system, the PDCP layer performs a security function. The
security function includes a ciphering function preventing
the third party from performing data monitoring and an
integrity protection function preventing the third party from
performing data manipulation.

A radio resource control (hereinafter, abbreviated as
‘RRC’) layer located on the uppermost of the third layer 1is
defined in the control plane only and is associated Awith

configuration, re-configuration and release of radio bearers
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(hereinafter, abbreviated as ‘RBs’) to be in charge of
controlling the logical, transport and physical channels. In
this case, the RB means a logical path provided by the first
and second layers of the radio protocol for the data transfer
between the user equipment and the UTRAN. Generally,
establishing RB means a procedure of defining features of a
radio protocol layer and channel required for a specific
service and establishing detailed parameters and action
methods of the radio protocol layer and the channel. The RB
is divided into a signaling RB (SRB) and a data RB (DRB). The
SRB is used as a path for transmitting RRC message in a
control plane (C-plane), and the DRB is used as a path for
transmitting user data in a user plane (U-plane).

As downlink transport channels carrying data from the
network to the wuser equipments, there are provided a
broadcast channel (BCH) carrying system information and a
downlink shared channel (SCH) carrying wuser traffic or
control messages. The traffic or control messages of a
downlink multicast or broadcast service may be transmitted
via the downlink SCH or an additional downlink multicast
channel (MCH). Meanwhile, as uplink transport channels
carrying data from the user equipments to the network, there
are provided a random access channel (RACH) carrying an
initial control message and an uplink shared channel (UL-SCH)

carrying user traffic or control messages.
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As downlink physical channels carrying information
transferred to a downlink transport <channel to a radio
interval between a network and a user equipment, there are
provided a physical broadcast channel (PBCH) transmitting
information of the BCH, a physical multicast channel (PMCH)
transmitting information of the MCH, a physical downlink
shared channel (PDSCH) transmitting information of the PCH
and the downlink SCH, and a physical downlink control channel
(PDCCH) (or DL 1L1/L2 control channel) transmitting
information control information provided by the first layer
and the second layer, such as downlink or wuplink radio
resource assignment information (DL/UL scheduling grant).
Meanwhile,  as uplink physical channelé transmitting
information transferred to an uplink transport channel to a
radio interval between a network and a user equipment, there
are provided a physical wuplink shared channel (PUSCH)
transmitting information of the uplink SCH, a physical random
access channel (PRACH) transmitting RACH information, and a
physical uplink control channel transmitting control
information provided by the first layer and the second layer,
such as HARQ ACK or NACK, scheduling request (SR), and
channel quality indicator (CQI) report.

Hereinéfter, a random access procedure provided by the LTE
system will be described based on the aforementioned

description.
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First of all, the user equipment performs a random access
procedure.in case of the following cases:

- when the user equipment performs initial access as the
user equipment is not RRC connected with the base station;

- when the user equipment first accesses a target cell
during a handover procedure;

- when a random access procedure is requested by a command
of the base station;

- when data to be transmitted to an uplink occurs in a
state that time synchronization of an uplink 1is not
appropriate or a designated radio resource is not assigned;
and

- when the user equipment performs a recovery procedure
during a radio link failure or handover failure.

The LTE system provides both a contention based random
access proéedure and a non-contention based random access
procedure during a procedure of selecting a random access
preamble. In the contention based random access procedure,
the user equipment randomly selects one preamble from a
specific set and uses the selected preamble. In the non-
contention based random access procedure, the base station
uses a random access preamble assigned to a specific use?
equipment. However, the non-contention based random access
procedure can be used only in the aforementioned handover

procedure or as requested by a command of the base station.
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Meanwhile, the procedure of performing random access in
the user equipment with a specific base station includes the
steps of (1) transmitting a random access preamble from the
user equipment to the base station (“first message (message
1)” transmitting step), (2) receiving a random access
response message from the base station in response to the
transmitted random access preamble (“second message (message
2)"” receiving step), (3) transmitting an uplink message using
information received in the random access response message
(“third message (message 3)}” transmitting step), and (4)
receiving a message corresponding to the uplink message from
the base station (“fourth message (message 4)” receiving
step) .

In a next generation mobile communication system including
the LTE system, a hybrid automatic repeat request (HARQ)
method is used as a method for efficiently performing uplink
and/or downlink signal transmission including the
aforementioned random access procedure. The HARQ method is a
combined type of an ARQ scheme and a forward error correction
(FEC) scheme. According to the ARQ scheme, a transmitter
retransmits a signal of a receiver, which 1is failed in
reception, by feeding ACK/NACK signal back depending on
whether a received signal 1is successfully decoded. The FEC
scheme 1is to acquire coding gain and/or SINR gain by

combining the failed signal with the retransmitted signal to



10

15

20

25

WO 2010/002130 PCT/KR2009/003331

correct an error of the received signal. In order to perform
the aforemeﬁtioned HARQ scheme, the base station can transmit
a new data indicator (NDI) through the PDCCH, wherein the NDI
is to indicate the user equipment whether the user equipment
performs new data transmission or data retransmission to the
uplink. Likewise, the base station can transmit an NDI
through the PDCCH, wherein the NDI is to indicate the user
equipment whether the base station performs new data
transmission or data retransmission to the downlink.

Generally, an NDI field is a 1l-bit field, and is toggled
in the order of 0 -> 1 -> 0 -> 1 ->. whenever new data is
transmitted. In case of retransmission, the NDI field has the
same value as that of initial transmission. Namely, the user
equipment compares a previously transmitted value with the
NDI field to identify whether data retransmission 1is
performed.

Meanwhile, a plurality of HARQ processes are operated
independently within the user equipment. Since independent
data transmission is performed for each of the HARQ processes,
NDI is established for each of the HARQ processes. In this
case, a specific HARQ process may be involved in general
uplink/downlink data transmission and reception including the
aforementioned random access procedure 1in accordance with
data. More detailed studies of an action of NDI in

determining whether the user equipment determines

10
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retransmission during uplink/downlink data transmission and
reception after a random access procedure will be required,
wherein the NDI is received to correspond to a specific HARQ

process during the random access procedure.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a method
for transmitting and receiving a signal and a user equipment
for the same, which 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 method
for transmitting and receiving a signal and a user equipment
for the same, in which the signal is transmitted and received
in accordance with an HARQ scheme by considering an action of
NDI, which is received during a random access procedure, on
uplink siénal transmission and downlink data reception using
a HARQ scheme of a user equipment after the random access
procedure, and efficiently processing NDI received during a
random access procedure and NDI received after the random
access procedure.

Additional advantages, objects, and features of the
invention will be set forth in part in the descriptioﬁ which
follows and in part will become apparent to those having

ordinary skill in the art upon examination of the following

11
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or may be learned from practice of the invention. The
objectives and other advantages of the invention may be
realized and attained by the structure particularly pointed
out in the written description and claims hereof as well as
the appended drawings.

To achieve these objects and other advantages and in
accordance with the purpose of the invention, as embodied and
broadly described herein, a method for transmitting an uplink
signal from a user equipment (UE) to a base station comprises
recéiving a first uplink (UL) grant signal through a message
identified by a temporary cell identifier (Temporary C-RNTI)
from a base station, the first uplink grant signal including
a new data indicator (NDI) toggled if the base station
indicates new transmission; receiving a second uplink grant
signal through a downlink control channel identified by a
cell identifier (C-RNTI) from the base station, the second
uplink grant signal including a new data indicator (NDI) with
a predetermined value; and determining uplink signal
retransmission of the user equipment depending on whether the
NDI of the second uplink grant signal has been tdggled,
wherein the UE ignores the NDI received using the temporary
cell identifier.

In another aspect of the present invention, a method for
receiving a downlink signal from a base station to a user

equipment (UE) comprises receiving a first downlink (DL)

12
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assignment signal through a message identified by a temporary
cell identifier (Temporary C-RNTI) from a base station, the
first downlink assignment signal including a new data
indicator (NDI) toggled if the base station indicates new
transmission; receiving a second downlink assignment signal
through a downlink control channel identified by a cell
identifier (C-RNTI) from the base station, the second
downlink assignment signal including a new data indicator
(NDI) with a predetermined value; and determining downlink
signal retransmission from the base station depending on
whether the NDI of the second downlink assignment signal has
been toggled, wherein the UE ignores the NDI received using
the temporary cell identifier.

In other aspect of the present invention, a user equipment
comprises a physical layer module including a receiving
module and a transmitting module, the receiving module for
receiving a downlink control channel and a downlink shared
channel, the downlink control channel including a new data
indicator (NDI) toggled if a base station indicates new:
transmission; and a MAC layer module including a plurality
of HARQ process modules, a plurality of buffers respectively
corresponding to the plurality of HARQ process modules, and
a singleA HARQ entity, the HARQ entity controlling the
plurality of HARQ process modules to allow a specific one of

the HARQ process modules to process the downlink control

13
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channel and the downlink shared channel received by the
receiving module and an uplink shared channel transmitted
from the transmitting module, wherein the HARQ entity or the
specific HARQ process module combines NDI bit value
previously‘stored in a specific buffer corresponding to the
specific HARQ process module with NDI wvalue received to
correspond to the specific HARQ process module to determine
whether to perform retransmission depending on whether the
NDI bit value has been toggled, and ignores NDI received
using a temporary cell identifier stored in the specific
buffer when the HARQ entity or the specific HARQ process
module determines whether the NDI bit value has been toggled.

Acéording to the aforementioned embodiments of the present
invention, since NDI received during a vrandom access
procedure and NDI received after the random access procedure
are efficiently processed, error operation of the wuser
equipment can be prevented from occurring when a signal is
transmitted and received in accordance with a HARQ scheme.

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.

14
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to provide a
further understanding of the invention and are incorporated
in and constitute a part of this application, illustrate
embodiment (s) of the invention and together with the
description serve to explain the principle of the invention.
In the drawings:

FIG. 1 is a diagram illustrating a network structure of an
E-UMTS (Evolved-Universal Mobile Telecommunications System)
which is an example of a mobile communication system;

FIG. 2 and FIG. 3 are diagrams illustrating a structure
of a radio interface protocol between a user equipment and
UTRAN based on the 3GPP radio access network standard;

FIG. 4 is a diagram illustrating an operation procedure
of a wuser equipment and a Dbase station during a non-
contention based random access procedure;

FIG. 5 1is a diagram illustrating an operation procedure
of a user equipment and a base station during a contention
based random access procedure;

FIG. 6 1is a diagram illustrating an uplink HARQ action
scheme;

FIG. 7 is a diagram illustrating a downlink HARQ action

scheme;

15
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FIG. 8 is a diagram illustrating a method of transmitting
an uplink signal from a user equipment using a HARQ scheme
in accordance with one embodiment of the present invention;

FIG. 9 is a diagram illustrating a method of receiving a
downlink signal from a user equipment using a HARQ scheme in
accordance with another embodiment of the present invention;

FIG. 10 is a diagram illustrating a method of
transmitting an uplink signal from a wuser equipment in
accordance with one embodiment of the present invention;

FIG. 11 is a diagram illustrating a method of receiving a
downlink signal from a user equipment in accordance with one
embodiment of the present invention; and

FIG. 12 1is a diagram illustrating a configuration of a
user equipment 1in accordance with one embodiment of the

present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be vmade in detail to the preferred
embodiments of the present invention, examples of which are
illustrated in the accompanying drawings. Wherever possible,
the same reference numbers will be wused throughout the
drawings to refer to the same or like parts.

Hereinafter, the preferred embodiments of the present
invention will be described with reference to the

accompanying drawings. It is to be understood that the
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detailed description, which will be disclosed along with the
accompanying drawings, 1s intended to describe the exemplary
embodiments of the present invention, and is not intended to
describe a unique embodiment with which the present invention
can be carried out. Hereinafter, the following 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, although the following description will be made
based on a mobile communication system of 3GPP LTE system,
the following description can be applied to other mobile
communication systems except unique features of the 3GPP LTE
system.

In some cases, to prevent the concept of the present
invention from being ambiguous, structures and apparatuses of
the known art will be omitted, or will be shown in the form
of a block diagram based on main functions of each structure
and apparatus. Also, wherever poséible, the same reference
numbers will be wused throughout the drawings and the
specification to refer to the same or like parts.

Furthermore, in the following description, it 1s assumed
that a user equipment designates a mobile or fixed type user
terminal such as a mobile station (MS). It is also assumed

that a base station designates a random node of a network

17
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node, such as Node B and eNode B, which performs
communication with a user equipment.

As described above, in order to consider an action of NDI,
which is received during a random access procedure, on uplink
signal transmission and downlink data reception using a HARQ
scheme of a user equipment after the random access procedure,
signal transmission and reception using the aforementioned
random access procedure and HARQ scheme will be described in
detail.

FIG. 4 is a diagram illustrating an operation procedure
of a user equipment and a base station during a non-
contention based random access procedure.

(1) Random access preamble assignment

As described above, the non-contention based random
access prbcedure can be performed for two cases, i.e., (1)
when ahandover procedure 1is ©performed, and (2) when
requested by a command of the base station. Of course, the
contention based random access procedure may also be
performed.for the two cases.

First of all, for non-contention based random access
procedure, it is important that the user equipment receives
a designated random access preamble having no possibility of
contention from the base station. Examples of a method of
receiving a random access preamble include a method through

a handover command and a method through a PDCCH command. A

18
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random access preamble 1is assigned to the user equipment
through the method of receiving a random access preamble
(S401) .

(2) First message transmission

As described above, after receiving a random access
preamble designated only for the user equipment, the user
equipment transmits the preamble to the bqse station (S402).

(3) Second message reception

After the user equipment transmits the random access
preamble in step S402, the base station tries to receive its
random access response within a random access response
receiving window indicated through system ‘information or
handover command (S403). In more detail, the random access
response can be transmitted in the form of a MAC protocol
data unit (MAC PDU), and the MAC PDU can be transferred
through a physical downlink shared channel (PDSCH). Also, it
is preferable that the user equipment monitors a physical
downlink control channel (PDCCH) to appropriately receive
information transferred to the PDSCH. Namely, it is
preferable that the PDCCH includes information of a user
equipment which should receive the PDSCH, frequency and time
information of radio resources of the PDSCH, and a transport
format of the PDSCH. If the user equipment successfully
receives the PDCCH transmitted thereto, the user equipment

can appropriately receive a random access response
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transmitted to the PDSCH in accordance with the information
of the PDCCH. The random access response can include a
random access preamble identifier (ID) (for example, random
access preamble identifier (RA-RNTI) ), uplink grant
indicating uplink radio resources, a temporary C-RNTI, and
timing advance command (TAC) values.

As described above, the random access preamble identifier
is required for the random access response to 1indicate
whether the uplink grant, the temporary C-RNTI and the TAC
values are effective for what user equipment as random
access response information for one or more user eguipments
can be included in one random access response. In this case,
it is assumed that the user equipment selects a random
access preamble identifier corresponding to the random
access preamble selected in step S402.

In the non-contention based random access procedure, the
user equipment can terminate the random access procedure
after determining that the random access procedure has been
normally performed by receiving the random access response
information.

FIG. 5 is a diagram illustrating an operation procedure
of a user equipment and a base station during a contention
based random access procedure.

(1) First message transmission
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First of all, the user equipment randomly selects one
random access preamble from a set of random access preambles
indicated through system information or handover command,
and selects a physical RACH (PRACH) resource that can
transmit the random access preamble (S501).

(2) Second message reception

A method of receiving random access response information
is similar to that of the aforementioned non-contention
based random access procedure. Namely, after the user
equipment transmits the random access preamble in step S402,
the base station tries to receive its random access response
within a random access response receiving window indicated
through system information or handover command, and receives
the PDSCH through corresponding random access identifier
information (S502). In this case, the base station can
receive uplink grant, a temporary C-RNTI, and timing advance
command (TAC) values.

(3) Third message transmission

If the user equipment receives 1its effective random
access response, the user equipment respective processes
information included in the random access response. Namely,
the user equipment applies TAC and store a temporary C-RNTI.
Also, the user equipment transmits data (i.e., third
message) to the base station using UL grant (S503). The

third message should include a user equipment identifier.
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This is because that the base station needs to identify user
equipments which perform the contention based random access
procedure, thereby avoiding contention later.

Two methods have been discussed to include the wuser
equipment = identifier in the third message. In the first
method, if the wuser equipment has an effective cell
identifier previously assigned from a corresponding cell
before the random access procedure, the user equipment
transmits its cell identifier through an uplink transport
signal corresponding to the UL grant. On the other hand, if
the user equipﬁent does not have an effective cell
identifier previously assigned from a corresponding cell
before the random access procedure, the user equipment
transmits its cell identifier including its unique
identifier (for example, S-TMSI or random ID). Generally,
the unique identifier is longer than the cell identifier. If
the user equipment transmits data corresponding to the UL
grant, the user equipment starts a contention resolution
timer.

(4) Fourth message reception

After transmitting data including its identifier through
UL grant included in the random access response, the user
equipment waits for a command of the base station for
contention resolution. Namely, the user equipment tries to

receive the PDCCH to receive a specific message (504). Two
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methods have Dbeen discussed to receive the PDCCH. As
described above, 1if the third message 1s transmitted to
correspond to the UL grant wusing the user equipment
identifier, the user equipment tries to receive the PDCCH
using its cell identifier. If the user equipment identifier
is a unique identifier of the user equipment, the user
equipment tries to receive the PDCCH using a temporary cell
identifier included in the random access response.
Afterwards, in case of the first method, if the wuser
equipment receives the PDCCH through its cell identifier
before the contention resolution timer expires, the user
equipment determines that the random access procedure has
been performed normally, and ends the random access
procedure. In case of the second method, if the user
equipment receives the PDCCH through the temporary cell
identifier before the contention resolution timer expires,
the user equipment identifies data transferred from the
PDSCH. If the unique identifier of the user equipment is
included in the data, the user equipment determines that the
random access procedure has been performed normally, and
ends the ;andom access procedure.

Meanwhile, for adaptive retransmission of the third
message in the aforementioned random access procedure, the
base station can transmit UL grant signal with NDI for

indicating retransmission to the user equipment. Also, the
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base station can transmit downlink (DL) assignment for
receiving the PDSCH to the PDCCH of the fourth message
together with a specific NDI.

Accordingly, in a state that the NDI established for a
specific HARQ process 1is stored during the random access
procedure, the random access procedure 1is terminated by
other HARQ process. Afterwards, if general uplink signal
transmission or downlink signal reception 1is performed,
since the base station cannot identify information of the
NDI established for HARQ process other than the HARQ process
used when the random access procedure ends, the user
equipment confuses new data transmission with data
retransmission, whereby error operation of the user
equipment may occur. In more detail, HARQ action of the MAC
layer in the LTE system will be described, wherein the HARQ
action is divided into uplink data transmission and downlink
data reception.

FIG. 6 is a diagram illustrating an uplink HARQ action
scheme.

In order to transmit data to the base station in

accordance with the HARQ scheme, the user equipment can

receive UL grant information or uplink scheduling
information (UL scheduling information) from the Dbase
station through the PDCCH (S601) . Generally, the UL

scheduling information includes user equipment identifier
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(for example, C-RNTI or Semi-Persistent Scheduling C-RNTI),
resource block assignment, transmission parameters
(modulation, coding scheme and redundancy version), and NDI.
In case of the LTE system, the user equipment has eight HARQ
processes which are operated synchronously with a
transmission time interval (TTI). Namely, after HARQ process
1 is used in TTI 1, HARQ process 2 in TTI 2,.., HARQ process
8 in TTI 8, HARQ process 1 is used in TTI 9 and HARQ process
2 1is used in TTI 10. In this way, specific HARQ processes
can be assigned in due order in accordance with each data
receiving timing point.

Furthermore, since the HARQ ©processes are assigned
synchronously as described above, the HARQ process connected
with the TTI where the PDCCH has received for initial
transmission of specific data is used for data transmission.
For example, 1if the user equipment receives the PDCCH
including UL scheduling information in the Nth TTI, the user
equipment transmits data in N+4™ TTI. In other words, HARQ
process K assigned in the N+4™ TTI is wused for data
transmission. Namely, the user equipment monitors the PDCCH
every TTI to identify the UL scheduling information
transmitted thereto, and then transmits data to the base
station through the PUSCH in accordance with the UL

scheduling information (S$602).
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If the data is received from the user equipment, the base
station stores the data in a soft buffer and then tries
decoding .of the data. If decoding of the data 1is
successfully performed, the base station transmits ACK
signal to the user equipment. If decoding of the data is
failed, the base station transmits NACK signal to the user
equipment. In FIG. 6, as decoding of the data is failed, the
base station transmits NACK signal to the user equipment
through a physical HARQ indicator channel (PHICH) (S603).

If the ACK signal is received from the base station, the
user equipment senses that data transmission to the base
station has been successfully completed, and transmits next
data. However, as illustrated in FIG. 6, if the NACK signal
is received from the base station, the user equipment senses
that data transmission to the base station has been failed,
and retransmits the same data in accordance with the same
format or new format (S604).

HARQ retransmission of the user equipment can be operated
in accordance with a non-adaptive mode. Namely, 1initial
transmission of specific data can be performed only 1if the
PDCCH including UL scheduling information should be received,
but retransmission can be performed even though the PDCCH is
not received. According to the HARQ retransmission of the
non-adaptive mode, data retransmission is performed using

the same UL scheduling information as that of the initial

26



10

15

20

WO 2010/002130 PCT/KR2009/003331

transmission in the TTI where next HARQ process is assigned,
even though the PDCCH is received.

Meanwhile, HARQ retransmission of the user equipment can
be operated in accordance with an adaptive mode. In this
case, transmission parameters of retransmission are received
through the PDCCH. Scheduling information included in the
PDCCH may be different from that of initial transmission
depending on channel status. For example, if the channel
status 1is better than that of initial transmission, the user
equipment commands data transmission at a high bit rate. On
the other hand, if the channel status is not better than
that of initial transmission, the user equipment commands
data transmission at a low bit rate.

If the user equipment receives UL scheduling information
through the PDCCH, the user equipment can identify whether
data to be transmitted corresponds to initial transmission or
retransmission of previous data, through NDI field included
in the PDCCH. The NDI field is toggled in the order of 0 -> 1
-> 0 -> 1 ->.. whenever new data is transmitfed, as described
above. In case of retransmission, the NDI field has the same
value as that of initial transmission. Accordingly, the user
egquipment compares the NDT field with a previously
transmitted value to identify whether data retransmission is

performed.
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The wuser equipment counts the number of transmission

times (CURRENT_TX NB) whenever transmitting data in
accordance with the HARQ scheme. If the number of
transmission times reaches the maximum number of

transmission times (CURRENT TX NB) established in the RRC
layer, the user equipment deletes the data stored in the
HARQ buffer.

Meanwhile, 1if retransmitted data is received, the base
station combines the retransmitted data with the data stored
in the soft buffer in a state that its decoding is failed,
in accordance with various manners, and then tries decoding
again. If decoding is successfully performed, the Dbase
station transmits ACK signal to the wuser equipment. If
decoding is failed, the base station transmits NACK signal
to the wuser equipment. The Dbase station repeats the
procedure of transmitting NACK signal and receiving the
retransmitted signal until decoding of the data 1is
successfully performed.‘In the example of FIG. 6, the base
station tries decoding by combining the data retransmitted
in step S604 with the previously received data. If decoding
of the received data is successfully performed, the base
station transmits ACK signal to the user equipment through
the PHICH (S605). Also, the base station can transmit UL
scheduling information for next data transmission to the

user equipment through the PDCCH, and can toggle the NDI to
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1l to indicate that the UL scheduling information 1is used for
new data transmission not adaptive retransmission (S606).
Then, the.user equipment can transmit new data to the base
station through the PUSCH corresponding to the received UL
scheduling information (S607).

FIG. 7 is a diagram illustrating a downlink HARQ action
scheme.

In order to transmit data to the wuser equipment in
accordance with the HARQ scheme, the base station can
transmit downlink scheduling information (DL scheduling
information) to the user equipment through the PDCCH (S701).
The DL scheduling information includes wuser equipment
identifier (for example, UE ID), user equipment group 1ID,
resource - block assignment, duration of assignment,
transmission parameters (modulation mode, payload size, MIMO
related information, HARQ process information, and
redundancy version), and NDI. In step S701 of FIG. 7, an
initial NDI 'is set to O.

The DL scheduling information is retransmitted through
the PDCCH, and may be varied depending on the channel status.
For example, if the channel status is better than that of
initial transmission, the base station transmits data at a
high bit rate by changing modulation or payload size. On the

other hand, 1if the channel status is not better than that of
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initial transmission, the base station transmits data at a
bit rate lower than that of initial transmission.

After identifying the DL scheduling information
transmitted to the user equipment by monitoring the PDCCH
every TTI, if there is information of the user equipment in
the DL scheduling information, the user equipment receives
data from the base station through the PDSCH at the time
associated with the PDCCH (S702). If the data is received
from the base station, the user equipment stores the data in
a soft buffer and then tries decoding of the'data. The user
equipment transmits HARQ feedback information to the base
station in accordance with the decoded result (S703) . Namely,
if decoding of the data is successfully performed, the user
equipment transmits ACK signal to the base station. If
decoding of the data is failed, the user equipment transmits
NACK signal to the base station. In FIG. 7, as decoding of
the data received in step S702 is failed, the user equipment
transmits NACK signal to the base station.

If the ACK signal is received from user_equipment, the
base station senses that data transmission to the wuser
equipment has been successfully and transmits next data.
Meanwhile, 1if the NACK signal 1is received from the user
equipment, the base station senses that data transmission to
the user equipment has been failed, and timely retransmits

the same data 1in accordance with the same format or new
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format (S604). In the example of FIG. 7, since the base
station receives NACK from the user equipment, the base
station transmits NDI with a wvalue of 0, i.e., indicating
retransmission to the user equipment (S704), and data is
retransmitted through the PDSCH corresponding to the DL
assignment information included in the PDCCH (S705).

Meanwhile, the user equipment which has received NACK
signal tries to receive retransmitted data. The |user
equipment can identify whether data to be transmitted
corresponds to initial transmission or retransmission of
previous data, through NDI field included in the PDCCH. In
this embodiment, as the user equipment receives the PDCCH
where NDI is set to 0, the user equipment can identify that
the received data is retransmitted data. In this case, the
user equipment combines the data received in step S705 with
the data received and stored in step S702 in accordance with
various manners, and then tries decoding again.

If decoding is successfully performed, the user equipment
transmits ACK signal to the base station (S706). The base
station which has received the ACK signal transmits new data
to the user equipment (S708). To this end, the base station
transmité NDI toggled to 1 and DL assignment information for
new data reception through the PDCCH to indicate that the

transmitted data is new data (S707).
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A problem in respect of the NDI, which may occur as the
aforementioned HARQ scheme 1is combined with the random
access procedure, will be described.

The wuser équipment transmits and receives the third
message and the fourth message using UL HARQ scheme and DL
HARQ scheme, respectively, during the random access
procedure.

First of all, the problem in respect of the NDI in
transmitting the third message in accordance with the UL
HARQ scheme will be described as follows.

The user equipment can transmit the third message to the
base station through UL scheduling or UL grant included in
the second message received during the random access
procedure. If the base station has received the third
message but has failed 1in decoding, the base station
transmits NACK signal to the user equipment through HARQ
feedback to command the user equipment to retransmit the
third message. If the user equipment receives the HARQ NACK
only, the user equipment retransmits the third message using
radio resource and transport format indicated by the UL
grant of the second message. However, in accordance with fhe
channel status or scheduling policy, the base station can
separately command the user equipment to wuse UL grant
separately transmitted for retransmission instead of UL

grant included in the second message during retransmission
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of the third message. In this case, the UL grant for
retransmission of the third message is transferred to the
user equipment through the PDCCH masked with the temporary
cell identifier of the user equipment.

It is assumed that the user equipment has transmitted the
third message to the base station during the first random
access procedure under the aforementioned system and has
received UL grant for retransmission through the PDCCH
masked with the temporary cell identifier of the user
equipment in accordance with a request of retransmission.
Additionally, it is assumed that it is commanded to use HARQ
process “A” for UL grant for the third message. It is also
assumed that the user equipment performs the second random
access procedure as retransmission of the third message is
failed. Moreover, it 1s assumed that the second random
access procedure has been successfully completed as the user
equipment receives the second message and transmits the
third message using HARQ process “B” indicated through UL
grant received through the second message, and the base
station normally receives the third message.

At this time, the base station cannot identify the first
random access procedure of the user equipment. Namely,
during the first random access procedure, the HARQ process
“A” of the user equipment stores NDI indicated by the UL

grant of the PDCCH masked with the temporary cell identifier
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of the wuser equipment, wherein the UL grant has been
received for retransmission of the third message, but the
base station cannot identify information of NDI value set
for HARQ processes other than the HARQ process “B” when the
random access procedure is successfully completed.

Accordingly, after the second (or third or more) random
access procedure is successfully completed, when the base
station schedules a radio resource of the HARQ process “A”
of the user equipment, if the base station schedules the
radio resource with NDI which is not toggled, as compared
with the NDI received during the random access procedure, a
problem occurs in that the user equipment determines the
radio resource as a radio resource for retransmission.

Next, the problem in respect of the NDI in transmitting
the fourth message in accordance with the DL HARQ scheme
will be described as follows.

The user equipment can receive specific DL assignment
through the PDCCH masked with the temporary cell identifier
to receive the fourth message during the random access
procedure. It is assumed that the HARQ process indicated by
the received specific DL assignment is “C.” The NDI
indicated by the specific DL assignment can be stored using
the HARQ process “C” of the user equipment. It is assumed
that the second random access procedure 1is required as

decoding of the fourth message received by the specific DL
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assignment is failed. It 1is also assumed that the user
equipment receives a contention resolution message using
HARQ process “D” in accordance with DL assignment indicated
by the PDCCH masked with the temporary cell identifier
during the second random access procedure, whereby the
random access procedure is completed successfully.

Afterwards, since the base station does not know the
first random access procedure of the user equipment like the
UL HARQ, the base station does not know the NDI value stored
in the HARQ process “C” of the user equipment. Namely, if
the same NDI value as that used for the HARQ process “C” of
the first random access procedure is transmitted, a problem
occurs in that the user equipment combines the data stored
in the HARQ soft buffer due to decoding failure in the first
random access procedure with the newly received data 1in
error.

Accordingly, one embodiment of the present invention
suggests a method for processing NDI by ignoring NDI
received and stored during a random access procedure when
retransmission is determined depending on toggling of the
NDI value. To this end, according to one embodiment of the
present invention, considering that the NDI value received
during the random access procedure 1is the NDI received
through the PDCCH masked with the temporary cell identifier,

the NDI received using the temporary cell identifier is
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ignored when retransmission 1is determined depending on
toggling of the NDI value. Namely, when it 1is determined
whether the NDI value has been toggled, it is suggested to
consider only NDI included in UL grant or DL assignment
received through the PDCCH masked with a user equipment
identifier (for example, C-RNTI or SPS(Semi-Persistent
Scheduling) C-RNTI) after the random access procedure.

FIG. 8 is a diagram illustrating a method of transmitting
an uplink signal from a user equipment using a HARQ scheme
in accordance with one embodiment of the present invention.

In the random access procedure, as described above, the
user equipment can receive UL grant signal to transmit the
third message (S801). In this case, UL grant can be received
through the PDCCH masked with a temporary cell identifier
(for example, temporary C-RNTI), and can include the
aforementioned NDI. In the embodiment of FIG. 8, it 1is
assumed that the NDI is set to 0.

Even after the random access procedure ends, to transmit
an uplink signal, the user equipment receives the UL grant
signal from the base station and then is assigned with a
radio resource (S802). After the random access procedure
ends, the UL grant can be received through the PDCCH masked
with a cell identifier (for example, C-RNTI) not a temporary

cell identifier. In the embodiment of FIG. 8, the NDI is set
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to 0 so that the base station newly transmits uplink data to
the user equipment.

If the UL grant where the NDI value is set as illustrated
in step 8802 is received, the user equipment determines
whether to transmit new data or perform data retransmission
depending on whether there is the NDI value previously
stored for the corresponding HARQ process or whether the
previously stored NDI value has been toggled. In this case,
according to this embodiment, the user equipment ignores the
NDI value received using the temporary cell identifier (C-
RNTI) during the random access procedure and determines
whether the NDI value has been toggled, whereby data
retransmission is determined in accordance with the
determined result.

As described above, the NDI value can be set for each
HARQ process. Accordingly, whether the received NDI value
has been toggled can be determined depending on an NDI value
previously stored to correspond to a specific HARQ process
corresponding to the time when the corresponding UL grant
signal is received and an NDI value of newly received UL
grant. In the embodiment of FIG. 8, the NDI of 0 is received
through thé UL grant received in step S802, and the NDI
received in step S801 is received using the temporary cell
identifier. However, since the NDI received wusing the

temporary cell identifier is ignored when it is determined
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whether the NDI has been toggled, the corresponding NDI 1is
regarded as the NDI initially received, whereby the user
equipment transmits new data to the base station through the
PUSCH (8804). As a result of determining toggling of the
NDI while ignoring the NDI received using the temporary cell
identifier, if the NDI value is the same as that previously
stored toAcorrespond to the corresponding HARQ process, the
user equipment can perform retransmission of the previously
transmitted data.

According to this embodiment, whether the NDI value has
been toggled is determined regardless of status and time as
far as the NDI received using the temporary cell identifier
is ignored. Also, a plurality of NDIS-may be received using
the temporary cell identifier. According to this embodiment,
it is assumed that all NDIs received using the temporary
cell identifier are ignored when it is determined whether
the NDI value has been toggled. In the same manner as that
of FIG. 8, a method for receiving a downlink signal in a
user equipment in accordance with a DL HARQ scheme will be
described.

FIG. 9 is a diagram illustrating a method of receiving a
downlink signal from a user equipment using a HARQ scheme in
accordance with another embodiment of the present invention.

The basic principle of the method illustrated in FIG. 9

is the identical with that of uplink signal transmission
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illustrated in FIG. 4. Namely, as described above, the user
equipment can receive DL assignment including the NDI field
to receive the second message or the fourth message during
the random access procedure (S901). In this case, DL
assignment -can be received through the PDCCH masked with the
temporary cell identifier.

Even after the random access procedure ends, in order
that the user equipment receives downlink data, the base
station notifies the wuser equipment through what radio
resource the wuser equipment should receive the PDSCH,
through DL assignment information, and the user equipment
receives DL assignment information (5902) . This DL
assignment information is received through the PDCCH masked
with a cell identifier. The user equipment can receive
downlink data from the base station in accordance with the
DL assignment information (S903). In this case, the PDSCH
corresponding to the PDCCH received in accordance with step
S902 may be received before or after step S904 where it is
determined whether the NDI value of the user equipment has
been toggled.

Meanwhile, the user equipment can identify whether the
received downlink data is newly transmitted data or
retransmitted data of previous data, through the NDI field
of the received DL assignment. Namely, if the NDI field

value received through DL assignment is different from that
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previously stored to correspond to the corresponding HARQ
process, the user equipment regards the received data as new
data. If the received NDI field value is the same as the NDI
value previously stored to correspond to the corresponding
HARQ process, the user equipment tries decoding by combining
the received data with the data stored in the soft buffer of
the corresponding HARQ process. As described above, this
embodiment suggests that the user equipment ignores the NDI
received during the random access procedure, 1i.e., the NDI
received using the temporary cell identifier when
determining whether the NDI value received through DL
assignment has been toggled. In the example of FIG. 9, since
the NDI field value received in step S$S902 is 0 and the NDI
received in step S901 is not considered, the user equipment
regards the NDI field value received in step S901 as the
initially received NDI and decodes thé data received in step
S903 as new data.

If the NDI received in step S901 is ignored and the NDI
value received in step S903 is the same as the NDI value set
for the corresponding HARQ process, the user equipment can
perform decoding by combining the data received in step S903
with the previously received data.

According to this embodiment, whether the NDI value has
been toggled is determined regardless of status and time as

far as the NDI received using the temporary cell identifier
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is ignored. Also, if a plurality of NDIs are received using
the temporary cell identifier, this embodiment suggests that
all NDIs received using the temporary cell identifier are
ignored.

Meanwhile, in the aforementioned embodiments of the
present invention, how to solve the aforementioned problem
where the user equipment determines, in error, whether the
data transmitted from or received in the user equipment 1is
retransmitted data, due to the NDI received during the
random access procedure, will be described in detail.

FIG. 'lO is a diagram illustrating a method of
transmitting an uplink signal from a user equipment in
accordance with one embodiment of the present invention.

The user equipment can transmit a specific random access
preamble to the base station during the random access
procedure (step 1). The base station receives the random
access preamble and transmits a response to the random
access pfeamble to the user equipment (step 2). The response
to the random access preamble can include UL grant to allow
the user equipment to transmit the third message, and in
this embodiment, it is assumed that the UL grant indicates
HARQ process “A.” Also, the response to the random access
preamble includes a temporary «cell identifier to Dbe

temporarily used by the user equipment.
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The user equipment can transmit the third message to the
base station using the HARQ process “A” in accordance with
the received UL grant (step 3). In this way, if the third
message 1s transmitted from the wuser equipment, the
contention resoclution timer (CR timer) starts. In specific
case, the base station receives the third message but fails
to decode the third message, whereby the base station can
request the user equipment to retransmit the third message.

When requesting the user equipment to retransmit the
third message, the base station can transmit UL grant for
retransmission of the third message to the user equipment
through the PDCCH masked with the temporary cell identifier
of the user equipment, thereby requesting a radio resource
or transport format used for transmission of the third
message (step 4). Also, the NDI value can be included in the
UL grant for retransmission of the third message. In this
embodiment, it is assumed that the NDI wvalue in step 4 1is
set to 0.

The user equipment can rétransmit the third message to
the Dbase station using the received UL grant for
retransmission of the third message (step 5).

If the started or restarted CR timer ends during
transmission or retransmission of the third message, the
user equipment determines that the random access procedure

has been failed, transmits the random access preamble to the
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base station again, and receives the response to the random
access preamble from the base station (step 6).

The UL grant for transmission of the third message 1is
included in the random access response received in step 6.
It is assumed that the UL grant indicates HARQ process “B.”
Also, the response to the random access preamble includes a
temporary cell identifier to be temporarily used by the user
equipment.

The user equipment transmits the third message to the
base station wusing the UL grant, and the base station
receives the third message, successfully performs decoding,
and transmits the contention resolution message to the user
equipment. Then, the user equipment which has received the
contention resolution message determines that the random
access procedure has been successfully completed(step 7).

After the aforementioned random access procedure 1is
completed, the base station can transmit UL grant to the
user equipment through the PDCCH masked with user equipment
identifier (for example, C-RNTI or SPS C-RNTI), thereby
scheduling transmission of specific data (step 8). In this
embodiment, it is assumed that the UL grant transmitted in
step 8 is HARQ process “A.” It is also assumed that the NDI
value for indicating new data transmission is set to “0” as

the base station cannot identify information of the HARQ
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process “A” not used for ending the random access procedure
but used during the random access procedure.

The user equipment receives UL grant where the NDI value
corresponding to the HARQ process “A” is set to “0” during
the first random access procedure and the NDI value is again
set to “O“™ to correspond to the HARQ process “A” after the
second random access procedure. In this embodiment, 1f the
NDI received using the temporary cell identifier is not
ignored when it is determined whether the NDI value has been
toggled, since it 1is regarded that the user equipment
receives UL grant where the NDI value has been toggled, the
user equipment determines the UL grant as that for
retransmission. Accordingly, the user equipment cannot
transmit new> MAC PDU in accordance with the UL grant
received in step 8.

However, if the user equipment receives UL grant in step
8 1in accordance with this embodiment, the user equipment
ignores the NDI value for UL grant through the PDCCH masked
with a temporary cell identifier. As a result, the user
equipment determines the UL grant received in step 8 as UL
grant for new transmission not retransmission. Then, the

user equipment transmits new MAC PDU to the base station

'using the UL grant received in step 8 (step 9).
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FIG. 11 is a diagram illustrating a method of receiving a
downlink signal from a user equipment in accordance with one
embodiment of the present invention.

The user equipment transmits a random access preamble to
the base stétion during the random access procedure (step 1),
and receives a response to the random access preamble (step
2).

The user equipment transmits the third message to the
base station in accordance with the UL grant received in the
response to the random access preamble, and assumes that the
CR timer starts (step 3).

The user equipment can receive DL assignment of the PDDCH
masked with a temporary cell identifier of the |wuser
equipment .from the base station (step 4). In this
embodiment, it is assumed that the DL assignment indicates
HARQ process “C.” It is also assumed that the NDI value of
the DL assignment is set to “0.” Moreover, it 1is assumed
that the user equipment receives the contention resolution
message through the DL assignment but fails to decode the
contention resolution message, and determines that the
random access procedure is failed as the CR timer ends. As a
result, it 1is assumed that the user equipment tries the
second random access procedure.

After transmitting the third message during the second

random access procedure, the user equipment receives DL
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assignment of the PDCCH masked with a temporary cell
identifier of the user equipment from the base station, and
receives the contention resolution message which includes
user equipment identifier (step 5). In this embodiment, it
is assumed that the DL assignment indicates HARQ process
“D.” In this case, the user equipment determines that the
random access procedure has been successfully completed.

The user equipment can receive DL assignment of the PDCCH
masked with C-RNTI of the user equipment from the base
station after the random access procedure is performed (step
6). In this embodiment, it is assumed that the DL assignment
indicates HARQ process “C,” and the NDI value of the DL
assignment is set to “0.”

Since the data failed in decoding during the fourth
message reception of the first random access procedure
remain in the soft buffer corresponding to the HARQ process
“C,” if DL assignment of the PDCCH masked with the C_RNTI of
the user equipment indicates HARQ process “C” after the
random access procedure and the NDI value 1is set to “0”
which is not toggled, and if the NDI value received using
the temporary C-RNTI is not ignored in the same manner as
this embodiment, the user equipment tries combination of the
data stored in the soft buffer of the HARQ process “C” with
newly received data. However, the user equipment according

to this embodiment receives DL assignment after the random
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access procedure, and ignores the NDI indicated Dby
assignment of the PDDCH masked with a temporary C-RNTI
during the random access procedure when determining whether
the NDI value of the DL assignment has been toggled (step 7).
As a result, the user equipment determines the assignment of
the PDCCH masked with the C-RNTI as DL assignment for new
ftransmission not retransmission, does not combine the data
received in step 8 with the data stored in the HARQ soft
buffer, deletes previous data, stores the data newly
received in step 8 in the soft buffer, and tries decoding.

Hereinafter, a configuration of the user equipment for
uplink signal transmission and downlink signal reception
will be described.

FIG. 12 is a diagram illustrating a configuration of a
user equipment 1in accordance with one embodiment of the
present invention.

The user equipment according to one embodiment of the
present invention includes a physical layer module 1210 for
transmitting an uplink signal and receiving a downlink
signal, and a MAC layer module 1220 for performing signal
mapping between an upper layer module and the physical layer
module 1210. In more detail, the physical layer module
includes a receiving module 1211 for receiving a PDCCH
including‘an NDI toggled when the base station indicates new

transmission and receiving a PDSCH corresponding to the
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PDCCH, and a transmitting module 1212 performing PUSCH
transmission corresponding UL grant received through the
PDCCH. Also, the MAC layer module includes a plurality of
HARQ process modules 1221 and a plurality of buffers 1222
respectively corresponding to the plurality of HARQ process
modules. It is assumed that the plurality of buffers 1222
include HARQ buffers for storing HARQ control information
associated with the corresponding HARQ process 1221. It 1is
also assumed that the plurality of buffers 1222 include a
soft buffef for temporarily storing data processed by the
other corresponding HARQ process 1221.

The MAC layer module 1220 further includes a single HARQ
entity 1223 controlling MAC layer HARQ operation of the user
equipment. The HARQ entity 1223 serves to control
corresponding data transmission or reception to be performed
through a specifi; one of the HARQ processes 1221
considering a receiving time of the downlink signal received
by the receiving module 1221 of the physical layer module
1210. |

Meanwhile, the user equipment according to this
embodiment determines whether to perform retransmission
depending on whether the NDI value has been toggled, by
comparing the NDI value previously stored in a specific
buffer corresponding to a specific process with the NDI

value received to correspond to the specific HARQ process.
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In this case, it is configured that the NDI received using a
temporary éell identifier stored in the specific buffer is
ignored when it is determined whether the NDI value has been
toggled. Preferably, this configuration is configured in the
module performing a function of determining whether the NDI
value has been toggled. The HARQ entity 1223 may determine
whether the NDI wvalue has been toggled, or each HARQ process
1221 may determine whether the NDI value has been toggled.

Through the aforementioned configuration, the problem
where the user equipment determines retransmission in error
after the random access procedure due to the NDI value
received during the random access procedure as described
with reference to FIG. 10 and FIG. 11 can be solved.

The aforementioned signal transmission and reception and
the configuration of the wuser equipment for the same
according to the present invention have been described based
on the 3GPP LTE system. However, the signal transmission and
reception and the configuration of the user equipment for the
same may be applied to various mobile communication systems
similar to the 3GPP LTE system.

It will be apparent to those skilled in the art that the
present invention can be embodied in other specific forms
without departing from the spirit and essential
characteristics of the invention. Thus, the above

embodiments are to be considered in all respects as
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illustrative and not restrictive. The scope of the invention
should be determined by reasonable interpretation of the
appended élaims and all change which comes within the
equivalent scope of the invention are included in the scope

of the invention.
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WHAT IS CLAIMED IS:

1. A method for a user equipment (UE) to transmit an
uplink signal, the method comprising:

receiving a first downlink control channel identified by a
temporary cell identifier (Temporary C-RNTI) from a base
station, the first downlink control channel comprising a
first uplink grant signal having a new data indicator (NDI)
with a first value;

receiving a second downlink control channel identified by
a cell identifier (C-RNTI) from the base station, the second
downlink control channel comprising a second uplink grant
signal having the NDI with a second value; and .

determining if the NDI with the second _value has been
toggled cémpared td the NDI previously received from the base
station, wherein the UE ignores the NDI with the first value
received through the first downlink control channel
identified by the temporary cell identifier (Temporary C-

RNTI); and

transmitting the uplink signal based on the determining.

2. The method of claim 1, wherein the NDI previously
received from the base station comprise the NDI received
through a third downlink control channel identified by the
cell identifier (C-RNTI), the third downlink control channel

received before receiving the second downlink control channel.
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3. The method of claim 1, wherein the second value of the
NDI is associated with a specific HARQ process, and

wherein the determining comprises determining if the
second value of the NDI has been toggled compared to the
value of the NDI in a previous transmission of the specific
HARQ process.

4. The method of claim 3, wherein transmitting the uplink
signal comprises transmitting new data by the specific HARQ
process, when the second value of the NDI has been toggled
compared to the wvalue in the previous transmission of the

specific HARQ process.

5. The method of claim 3, wherein transmitting the uplink
signal comprises transmitting retransmissioﬁ data by the
specific HARQ process, when the second value of the NDI has
not been toggled compared to the value in the previous

transmission of the specific HARQ process.

6. The method of claim 1, wherein the first uplink grant
signal is received during a random access procedure, and
wherein the second uplink grant signal 1is received.after

the random access procedure.
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7. The method of claim 6, wherein the first uplink grant
signal is received at a timing associated to a first HARQ
process, the random access procedure is successfully
completed by a random access using a second HARQ process, and
the second wuplink grant signal 1is received at a timing
associated to the first HARQ process, and

wherein - when determining if the NDI has been toggled
compared to the value in the previous transmission of the
first HARQ process, the UE ignores the NDI received at the
timing associated to the first HARQ process during the random

access procedure.

8. A method for a user equipment (UE) to transmit an
uplink signal, the method comprising:

transmitting a first random access preamble to a base
station to initiate a first random access procedure;

receiving a first random access response comprising a
first uplink grant signal from the base station at a timing
associated with a first HARQ process;

transmitting the uplink signal to the base station based
on the first uplink grant signal;

receiving a first downlink control channel identified by a
temporary cell identifier (Temporary C-RNTI) from the base
station, wherein the first downlink control channel comprises

a second uplink grant signal having a new data indicator
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(NDI) with a first value, and wherein the first random access
is finished not successfully;

transmitting a second random access preamble to the base
station to initiate a second random access procedure;

receiving a second random access response comprising a
third uplink grant signal from the base station at a timing
associlated with a second HARQ process;

transmitting the uplink signal to the base station based
on the third uplink grant signal;

receiving a second downlink control channel identified by
the temporary cell identifier from the base station, wherein
the second downlink control channel comprises a fourth uplink
grant signal, and wherein the second random access 1is
successfully finished;

receiving a third downlink control channel identified by a
cell identifier (C-RNTI) from the base station at a timing
associated with the first HARQ process, the third downlink
control channel comprising a fifth uplink grant signal having
the NDI with a second value;

determining if the second value of the NDI has been
toggled compared to the value in a previous transmission of
the first HARQ process wherein the UE ignores the NDI
received in all uplink grant signals on the first downlink
control channel identified by the temporary cell identifier

(Temporary C-RNTI); and
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transmitting the uplink signal based on the determining.

9. A method for a wuser equipment (UE) to receive a
downlink signal, the method comprising:

receiving a first downlink control channel identified by a
temporary cell identifier (Temporary C-RNTI) from a base
station, the first downlink control channel comprising a
first downlink assignment signal having a new data indicator
(NDI) with a first value;

receiving a second downlink control channel identified by
a cell identifier (C-RNTI) from the base station, the second
downlink control <channel comprising a second downlink
assignment signal having the NDI with a second value; and

determining if the NDI has been toggled compared to the
NDI previously received from the base station wherein the UE
ignores the NDI with the first value received through the
first downlink control channel identified by the temporary
cell identifier (Temporary C-RNTI); and

receiving the downlink signal based on the determining.

10. The method of claim 9, wherein the NDI previously
received from the base station comprises the NDI received
through a third downlink control channel identified by the
cell identifier (C-RNTI), the third downlink control channel

received before receiving the second downlink control channel.
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11. The method of claim‘9, wherein the second value of the
NDI is associated with a specific HARQ process, and

wherein the determining comprises determining if the
second value of the NDI has been toggled compared to the
value of the NDI in a previous reception of the specific HARQ

process.

12. The method of claim 11, wherein the UE consider the
received downlink signal as new data, when the second value
of the NDI has been toggled compared to the value in the

previous reception of the specific HARQ process.

13. The method of claim 11, wherein the UE consider the
received downlink signal as retransmission data, when the
second value of the NDI has not been toggled compared to the

value in the previous reception of the specific HARQ process.

14. The method of claim 9, wherein the first downlink
assignment signal is received during a random access
procedure, and

wherein the second downlink assignment signal is received

after the random access procedure.
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15. The method of claim 14, wherein the first downlink
assignment signal is received at a timing associated to a
first HARQ process, the random  access procedure is
successfully completed by a random access using a second HARQ
process, and the second downlink assignment signal 1is
received at a timing associated to the first HARQ process,
and

wherein when determining if the second value of the NDI
has been toggled compared to the value in the previous
reception of the first HARQ process, the UE ignores the NDI
received at the timing associated to the first HARQ process

during the random access procedure.

l16. A~ method for a user equipment (UE) to receive a
downlink signal, the method comprising:

transmitting a first random access preamble to a base
station to initiate a first random access procedure;

receiving a first random access response comprising a
first uplink grant signal from the base station at a timing
associated with a first HARQ process;

transmitting the uplink signal to the base station based
on the first uplink grant signal;

receiving a first downlink control channel identified by a
temporary cell identifier (Temporary C-RNTI) from the base

station, wherein the first downlink control channel comprises
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a first downlink assignment signal having a new data
indicator (NDI) with a first value, and wherein the first
random access is finished not successfully;

transmitting a second random access preamble to the base
station to initiate a second random access procedure;

receiving a second random access response comprising a
second uplink grant signal from the base station at a timing
associated with a second HARQ process;

transmitting the uplink signal to the base station based
on the second uplink grant signal;

receiving a second downlink control channel identified by
the temporary cell identifier from the base station, wherein
the second downlink control channel comprises a third uplink
grant signal, and wherein the second random access 1is
successfully finished;

receiving a third downlink control channel identified by a
cell identifier (C-RNTI) from the base station at a timing
associated with the first HARQ process, the third downlink
control channel comprising a second downlink assignment
signal having the NDI with a second value;

determining if the second value of the NDI has been
toggled compared to a value in the previous reception of the
first HARQ process wherein the UE ignores the NDI received in

all downlink assignment signals on the downlink control
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channel identified by the temporary cell identifier
(Temporary C-RNTI); and

receiving the downlink signal based on the determining.

17. A user equipment comprising:

a physical layer module including a receiving module and
a transmitting module, the receiving module for receiving a
downlink control channel and a downlink shared channel, the
downlink control channel including a new data indicator
(NDI) toggled if a base station indicates new transmission;
and

a MAC layer module including a plurality of HARQ process
modules, é plurality of buffers respectively corresponding
to the plurality of HARQ process modules, and a single HARQ
entity, the HARQ entity controlling the plurality of HARQ
process quules to allow a specific one of the HARQ process
modules to process the downlink control channel and the
downlink shared channel received by the receiving module and
an uplink shared channel transmitted from the transmitting
module,

wherein the HARQ entity or the specific HARQ process
module combines NDI bit value previously stored 1in a
specific buffer corresponding to the specific HARQ process
module with NDI value received to correspond to the specific

HARQ ©process module to determine whether to perform
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retransmission depending on whether the NDI bit wvalue has
been toggled, and ignores NDI received using a temporary
cell identifier stored in the specific buffer when the HARQ
entity or the specific HARQ process module determines

whether the NDI bit value has been toggled.
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