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Description
Title of Invention: METHOD AND APPARATUS OF RECEIVING

DATA IN WIRELESS COMMUNICATION SYSTEM

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

method and an apparatus of receiving data in a wireless communication system.

Background Art
[2] In wireless communication systems, one base station (BS) generally provides

services to a plurality of user equipments (UEs). The BS schedules user data for the

plurality of UEs, and transmits the user data together with control information

containing scheduling information for the user data. In general, a channel for carrying

the control information is referred to as a control channel, and a channel for carrying

the user data is referred to as a data channel. The UE finds control information of the

UE by searching for the control channel, and processes data of the UE by using the

control information.

[3] In order for the UE to receive user data assigned to the UE, control information for

the user data on a control channel must be received. In a given bandwidth, a plurality

of pieces of control information for a plurality of UEs are generally multiplexed within

one transmission interval. That is, to provide a service to the plurality of UEs, the BS

multiplexes the plurality of pieces of control information for the plurality of UEs and

then transmits the control information through a plurality of control channels. The UE

searches for control channel of the UE among the plurality of control channels.

[4] Blind decoding is one of schemes for detecting specific control information from the

plurality of pieces of multiplexed control information. The blind decoding attempts to

recover a control channel by using several combinations of information in a state

where a UE has no information required to recover the control channel. That is, in a

state where the UE does not know whether control information transmitted from the

BS is control information of the UE and the UE does not know in which portion the

control information of the UE exists, the UE decodes all pieces of given control in

formation until the control information of the UE is found. The UE can use in

formation unique to each UE to detect the control information of the UE. For example,

when the BS multiplexes control information of each UE, an identifier unique to each

UE can be transmitted by being masked onto a cyclic redundancy check (CRC). The

CRC is a code used for error detection. The UE de-masks unique identifier of the UE

from the CRC of the received control information, and then can detect the control in

formation of the UE by performing CRC checking.



[5] If the UE cannot correctly detect the control information of the UE from the pieces of

multiplexed control information, user data on the data channel cannot be decoded.

Therefore, fast and correct detection of the control information has a significant effect

on overall system performance. However, it may be difficult to detect the control in

formation when using only blind decoding. Since each UE may require different

control information and may use a channel encoding scheme by the use of a different

code rate, each UE may have control information with a different size. Therefore, the

number of blind decoding attempts may be significantly increased in a control region

in which control information is transmitted. Battery consumption of the UE increases

in proportion to the number of detection attempts.

[6] Meanwhile, as a mobile communication system of a next generation (i.e., post-3rd

generation), an international mobile telecommunication- advanced (IMT-A) system is

standardized aiming at support of an Internet protocol (IP)-based seamless multimedia

service in an international telecommunication union (ITU) by providing a high-speed

data rate of 1 gigabits per second (Gbps) in downlink communication and 500

megabits per second (Mbps) in uplink communication. In a 3rd generation partnership

project (3GPP), a 3GPP long term evolution- advanced (LTE-A) system is considered

as a candidate technique for the IMT-A system. The LTE-A system is evolved to

increase a completion level of the LTE system, and is expected to maintain backward

compatibility with the LTE system. This is because the provisioning of compatibility

between the LTE-A system and the LTE system is advantageous in terms of user con

venience, and is also advantageous for a service provider since existing equipment can

be reused.

[7] Accordingly, there is a need for a method in which a BS effectively transmits control

information and a UE effectively receives data by using the control information in a

next generation mobile communication system such as an LTE-A.

Disclosure of Invention

Technical Problem
[8] The present invention provides a method and an apparatus of effectively receiving

data in a wireless communication system.

Solution to Problem
[9] In one aspect, a method of receiving data in a wireless communication system,

carried in a user equipment (UE), is provided. The method includes detecting a

physical downlink control channel (PDCCH) on which control information is

transmitted in a first subframe, and receiving data in at least one second subframe

based on the control information.

[10] Preferably, The method of claim 1, wherein the at least one second subframe



comprises the first subframe.

[11] Preferably, the at least one second subframe comprises a plurality of contiguous

subframes.

[12] Preferably, the first subframe and the at least one second subframe are transmitted in

different time.

[13] Preferably, the control information comprises subframe information which indicates

the at least one second subframe.

[14] Preferably, the subframe information comprises the number of the at least one second

subframe.

[15] Preferably, the subframe information comprises an offset field.

[16] Preferably, the offset field indicates an offset between the first subframe and one

subframe out of the at least one second subframe.

[17] Preferably, the offset field indicates an offset between two adjacent subframes out of

the at least one second subframes.

[18] Preferably, the offset field indicates either an offset in a time domain or an offset in a

frequency domain.

[19] Preferably, a control format indicator (CFI) transmitted on a physical control format

indicator channel (PCFICH) in the at least one second subframes has a specific value.

[20] In another aspect, a UE is provided. The UE includes a radio frequency (RF) unit

transmitting and/or receiving a radio signal and a processor coupled with the RF unit

and configured to detect a PDCCH on which control information is transmitted in a

first subframe and receive data in at least one second subframe based on the control in

formation.

[21] In still another aspect, a method of transmitting data in a wireless communication

system, carried in a UE, is provided. The method includes detecting a physical

downlink control channel (PDCCH) on which control information is transmitted in a

first subframe, and transmitting data in at least one second subframe based on the

control information.

Advantageous Effects of Invention
[22] A method and an apparatus of effectively receiving data in a wireless communication

system are provided.

Brief Description of Drawings
[23] FIG. 1 is a block diagram showing a wireless communication system.

[24] FIG. 2 is a block diagram showing an apparatus for a wireless communication.

[25] FIG. 3 is a diagram showing a radio protocol architecture for a user plane.

[26] FIG. 4 is a diagram showing a radio protocol architecture for a control plane.

[27] FIG. 5 shows mapping between a downlink logical channel and a downlink transport



channel.

[28] FIG. 6 shows mapping between a downlink transport channel and a downlink

physical channel.

[29] FIG. 7 shows a structure of a radio frame.

[30] FIG. 8 shows an example of a resource grid for one downlink slot.

[31] FIG. 9 shows a structure of a radio frame and a subframe.

[32] FIG. 10 shows an example of mapping a physical control format indicator channel

(PCFICH) to resource element groups (REGs).

[33] FIG. 11 shows an example of mapping a PCFICH and a physical hybrid ARQ

indicator channel (PHICH) to REGs.

[34] FIG. 12 is a flowchart showing a process of configuring a physical downlink control

channel (PDCCH).

[35] FIG. 13 is a flowchart showing a method of receiving data according to an em

bodiment of the present invention.

[36] FIG. 14 shows an example of a method of allocating data through PDCCHs of a long

term evolution (LTE) user equipment and a long term evolution- advance (LTE-A) user

equipment.

[37] FIG. 15 shows an example of a multi-subframe allocation method using an offset.

[38] FIG. 16 is a flowchart showing a method of transmitting data according to an em

bodiment of the present invention.

[39] FIG. 17 shows an example of a method of transmitting data based on PDCCHs of a

LTE-A user equipment.

Mode for the Invention
[40] FIG. 1 is a block diagram showing a wireless communication system.

[41] Referring to FIG. 1, a wireless communication system 100 includes at least one base

station (BS) 110. The BSs 110 provide communication services with respect to specific

geographical regions (generally referred to as cells) 105a, 105b, and 105c. Each cell

can be divided into a plurality of regions (referred to as sectors). A user equipment

(UE) 120 may be fixed or mobile, and may be referred to as another terminology, such

as a mobile station (MS), a user terminal (UT), a subscriber station (SS), a wireless

device, etc. The BS 110 is generally a fixed station that communicates with the UE 120

and may be referred to as another terminology, such as an evolved node-B (eNB), a

base transceiver system (BTS), an access point, etc.

[42] Hereinafter, downlink means communication from the BS 110 to the UE 120, and

uplink means communication from the UE 120 to the BS 110. In downlink, a

transmitter may be a part of the BS 110 and a receiver may be a part of the UE 120. In

uplink, a transmitter may be a part of the UE 120 and a receiver may be a part of the



BS 110.

[43] The wireless communication system may be any one of a multiple-input multiple-

output (MIMO) system, a multiple-input single-output (MISO) system, a single-input

single-output (SISO) system, and a single-input multiple-output (SIMO) system. The

MIMO system uses a plurality of transmit (Tx) antennas and a plurality of receive (Rx)

antennas. The MISO system uses a plurality of Tx antennas and one Rx antenna. The

SISO system uses one Tx antenna and one Rx antenna. The SIMO system uses one Tx

antenna and a plurality of Rx antennas.

[44] Hereinafter, the Tx antenna is a logical or physical antenna used to transmit one

signal or one stream, and the Rx antenna is a logical or physical antenna used to

receive one signal or one stream.

[45] FIG. 2 is a block diagram showing an apparatus for a wireless communication. The

apparatus may be a part of a UE. An apparatus 50 includes a processor 51, a memory

52, a radio frequency (RF) unit 53, a display unit 54, and a user interface unit 55. The

processor 5 1 may be configured to implement functions, procedures to be proposed

below and/or methods described below in this description. Layers of the radio interface

protocol may be implemented in the processor 51. The processor 5 1 may provide the

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

processor 51. The memory 52 is operatively coupled with the processor 5 1 and stores a

variety of information to operate the processor 5 1 (e.g., an operating system, ap

plications, and general files). The display unit 54 displays a variety of information of

the apparatus 50 and may use a well-known element such as a liquid crystal display

(LCD), an organic light emitting diode (OLED), etc. The user interface unit 55 can be

configured with a combination of well-known user interfaces such as a keypad, a touch

screen, etc. The RF unit 53 is operatively coupled with the processor 5 1 and transmits

and/or receives radio signals.

[46] The processor 5 1 may include application- specific integrated circuit (ASIC), other

chipset, logic circuit and/or data processing device. The memories 52 may include

read-only memory (ROM), random access memory (RAM), flash memory, memory

card, storage medium and/or other storage device. The RF units 53 may include

baseband circuitry to process radio frequency signals. When the embodiments are im

plemented in software, the techniques described herein can be implemented with

modules (e.g., procedures, functions, and so on) that perform the functions described

herein. The modules can be stored in memories 52 and executed by processor 51. The

memories 52 can be implemented within the processor 5 1 or external to the processor

51 in which case those can be communicatively coupled to the processor 51 via various

means as is known in the art.

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



classified into a first layer (Ll), a second layer (L2), and a third layer (L3) based on the

lower three layers of the open system interconnection (OSI) model that is well-known

in the communication system. The first layer is a physical (PHY) layer. The second

layer can be divided into a medium access control (MAC) layer, a radio link control

(RLC) layer, and a packet data convergence protocol (PDCP) layer. The third layer is a

radio resource control (RRC) layer.

[48] FIG. 3 is a block diagram showing a radio protocol architecture for a user plane. FIG.

4 is a block diagram showing a radio protocol architecture for a control plane. They i l

lustrate the architecture of a radio interface protocol between a UE and an evolved

universal terrestrial radio access network (E-UTRAN). The user plane is a protocol

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

transmission.

[49] Referring to FIGs. 3 and 4, between different PHY layers (i.e., a PHY layer of a

transmitter and a PHY layer of a receiver), information is carried through a physical

channel. The PHY layer is coupled with a MAC layer, i.e., an upper layer of the PHY

layer, through a transport channel. Data is transferred between the MAC layer and the

PHY layer through the transport channel. The PHY layer provides the MAC layer and

upper layers with information transfer services through the transport channel.

[50] The MAC layer provides services to an RLC layer, i.e., an upper layer of the MAC

layer, through a logical channel. The RLC layer supports reliable data transmission.

The PDCP layer performs a header compression function to reduce a header size of an

Internet protocol (IP) packet.

[51] An RRC layer is defined only in the control plane. The RRC layer controls radio

resources between the UE and the network. For this, in the RRC layer, RRC messages

are exchanged between the UE and the network. The RRC layer serves to control the

logical channel, the transport channel, and the physical channel in association with

configuration, reconfiguration and release of radio bearers (RBs). An RB means a

logical path provided by a first layer (i.e. PHY layer) and second layers (i.e. MAC

layer, RLC layer and PDCP layer) for data transmission between the UE and the

network. Configuring the RB includes defining radio protocol layers and charac

teristics of channels to provide a service and defining specific parameters and

operation schemes. The RB may be classified into a signaling RB (SRB) and a data RB

(DRB). The SRB is used as the path to transfer RRC messages in the control plane and

the DRB is used as the path to transfer user data in the user plane. When an RRC

connection is established between an RRC layer of the UE and an RRC layer of the

network, it is called that the UE is in an RRC connected mode. When the RRC

connection is not established yet, it is called that the UE is in an RRC idle mode.

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



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

[53] FIG. 5 shows mapping between a downlink logical channel and a downlink transport

channel. The section 6.1.3.2 of 3GPP TS 36.300 V8.3.0 (2007-12) Technical Speci

fication Group Radio Access Network; Evolved Universal Terrestrial Radio Access

(E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN);

Overall description; Stage 2 (Release 8) may be incorporated herein by reference.

[54] Referring to FIG. 5, a paging control channel (PCCH) is mapped to a paging channel

(PCH). A broadcast control channel (BCCH) is mapped to a broadcast channel (BCH)

or a downlink shared channel (DL-SCH). A common control channel (CCCH), a

dedicated control channel (DCCH), a dedicated traffic channel (DTCH), a multicast

control channel (MCCH), and a multicast traffic channel (MTCH) are mapped to the

DL-SCH. The MCCH and MTCH are also mapped to a multicast channel (MCH).

[55] A type of each logical channel is defined according to a type of information to be

transmitted. The logical channel is classified into a control channel and a traffic

channel.

[56] The control channel is used to transmit control plane information. The BCCH is a

downlink channel for broadcasting system control information. The PCCH is a

downlink channel for transmitting paging information and is used when a network does

not know a location of a UE. The CCCH is a channel for transmitting control in

formation between the UE and the network and is used when there is no RRC

connection established between the UE and the network. The MCCH is a point-

to-multipoint downlink channel used for transmitting multimedia broadcast multicast

service (MBMS) control information. The MCCH is used by UEs that receive an

MBMS. The DCCH is a point-to-point bi-directional channel for transmitting

dedicated control information between the UE and the network, and is used by UEs

having an RRC connection.

[57] The traffic channel is used to transmit user plane information. The DTCH is a point-

to-point channel for transmitting user information and exists in both uplink and

downlink. The MTCH is a point-to-multipoint downlink channel for transmitting

traffic data and is used by UEs that receive an MBMS.

[58] The transport channels are classified by how and with what characteristics data are

transferred over the radio interface. The BCH is broadcast in the entire coverage area

of the cell and has a fixed, pre-defined transport format. The DL-SCH is characterized

by support for hybrid automatic repeat request (HARQ), support for dynamic link

adaptation by varying modulation, coding, and transmit (Tx) power, possibility to be

broadcast in the entire cell, and possibility to use beamforming, support for both

dynamic and semi-static resource assignment, support for UE discontinuous reception

(DRX) to enable UE power saving, and support for MBMS transmission. The PCH is



characterized by support for DRX to enable UE power saving and requirement to be

broadcast in the entire coverage area of the cell. The MCH is characterized by support

for requirement to be broadcast in the entire coverage area of the cell and support for

an MBMS single frequency network (MBSFN).

[59] FIG. 6 shows mapping between a downlink transport channel and a downlink

physical channel. The section 5.3.1 of 3GPP TS 36.300 V8.3.0 (2007-12) may be in

corporated herein by reference.

[60] Referring to FIG. 6, a BCH is mapped to a physical broadcast channel (PBCH). An

MCH is mapped to a physical multicast channel (PMCH). A PCH and a DL-SCH are

mapped to a physical downlink shared channel (PDSCH). The PBCH carries a BCH

transport block. The PMCH carries the MCH. The PDSCH carries the DL-SCH and

the PCH.

[61] Several downlink physical control channels are used in a PHY layer. A physical

downlink control channel (PDCCH) informs a UE of resource assignment of the PCH

and DL-SCH, and also informs the UE of HARQ information related to the DL-SCH.

The PDCCH may carry an uplink scheduling grant which informs the UE of resource

assignment for uplink transmission. A physical control format indicator channel

(PCFICH) informs the UE of the number of orthogonal frequency division mul

tiplexing (OFDM) symbols used for transmission of the PDCCHs within a subframe.

The PCFICH is transmitted in every subframe. A physical hybrid ARQ indicator

channel (PHICH) carries HARQ acknowledgement (ACK)/negative-acknowledgement

(NACK) in response to uplink transmission.

[62] FIG. 7 shows a structure of a radio frame.

[63] Referring to FIG. 7, the radio frame consists of 10 subframes. One subframe consists

of two slots. Slots included in the radio frame are numbered with slot numbers 0 to 19.

A time required to transmit one subframe is defined as a transmission time interval

(TTI). The TTI may be a scheduling unit for data transmission. For example, one radio

frame may have a length of 10 milliseconds (ms), one subframe may have a length of 1

ms, and one slot may have a length of 0.5 ms.

[64] The structure of the radio frame is for exemplary purposes only, and thus the number

of subframes included in the radio frame or the number of slots included in the

subframe may change variously.

[65] FIG. 8 shows an example of a resource grid for one downlink slot.

[66] Referring to FIG. 8, the downlink slot includes a plurality of OFDM symbols in a

time domain and NDL resource blocks (RBs) in a frequency domain. The OFDM

symbol is for representing one symbol period. The OFDM symbol may also be referred

to as an orthogonal frequency division multiple access (OFDMA) symbol, single

carrier-frequency division multiple access (SC-FDMA) symbol, etc. in accordance



with multiple access scheme. The number NDL of resource blocks included in the

downlink slot depends on a downlink transmission bandwidth configured in a cell. One

RB includes a plurality of subcarriers in the frequency domain.

[67] Each element on the resource grid is referred to as a resource element. The resource

element on the resource grid can be identified by an index pair (k, I ) within the slot.

Herein, k(k=0,. . .,NDLxl2-l) denotes a subcarrier index in the frequency domain, and

1(1=0,. . .,6) denotes an OFDM symbol index in the time domain.

[68] Although it is described herein that one RB includes 7x12 resource elements

consisting of 7 OFDM symbols in the time domain and 12 subcarriers in the frequency

domain for example, the number of OFDM symbols and the number of subcarriers in

the RB are not limited thereto. Thus, the number of OFDM symbols and the number of

subcarriers may change variously depending on a cyclic prefix (CP) length, a

frequency spacing, etc. For example, when using a normal CP, the number of OFDM

symbols is 7, and when using an extended CP, the number of OFDM symbols is 6. The

structure of an uplink slot may be same as that of the downlink slot.

[69] FIG. 9 shows a structure of a radio frame and a subframe.

[70] Referring to FIG. 9, the radio frame includes 10 subframes, and each subframe

includes two consecutive slots. When using a normal CP, the subframe includes 14

OFDM symbols. When using an extended CP, the subframe includes 12 OFDM

symbols. A synchronization channel (SCH) is transmitted in every radio frame. The

SCH is a channel for cell search. The cell search is a process in which a UE attains

time synchronization and frequency synchronization with respect to a cell and detect a

cell ID (identifier) of the cell. The SCH includes a primary (P)-SCH and a secondary

(S)-SCH. The P-SCH is transmitted through a last OFDM symbol of a 1st slot of a

subframe 0 and a subframe 5 in a radio frame. When using the normal CP, the P-SCH

is an OFDM symbol 6 in the subframe, and when using the extended CP, the P-SCH is

an OFDM symbol 5 in the subframe. The S-SCH is transmitted through an OFDM

symbol located immediately before an OFDM symbol on which the P-SCH is

transmitted.

[71] A maximum of three OFDM symbols (i.e., OFDM symbols 0, 1, and 2) located in a

front portion of a 1st slot in every subframe correspond to a control region to be

assigned with a PDCCH. The remaining OFDM symbols correspond to a data region to

be assigned with a PDSCH. In addition to the PDCCH, control channels such as a

PCFICH, a PHICH, etc., can be assigned to the control region. A UE can read data in

formation transmitted through the PDSCH by decoding control information transmitted

through the PDCCH. Although the control region includes three OFDM symbols

herein, this is for exemplary purposes only. According to an amount of control in

formation, the PDCCH is transmitted through the OFDM symbol 0, or the OFDM



symbols 0 and 1, or the OFDM symbols 0 to 2. The number of OFDM symbols used

for PDCCH transmission may change in every subframe. The number of OFDM

symbols used for PDCCH transmission in the subframe can be known by using the

PCFICH.

[72] The PCFICH is transmitted through a 1st OFDM symbol (i.e., the OFDM symbol 0)

in every subframe. The PCFICH can be transmitted through one antenna or can be

transmitted using a transmit diversity scheme. When a subframe is received, the UE

evaluates control information transmitted through the PCFICH, and then receives

control information transmitted through the PDCCH.

[73] The control information transmitted through the PCFICH is referred to as a control

format indicator (CFI). For example, the CFI may have a value of 1, 2, or 3. The CFI

value may represent the number of OFDM symbols used for PDCCH transmission in a

subframe. That is, if the CIF value is 2, the number of OFDM symbols used for

PDCCH transmission in a subframe is 2. This is for exemplary purposes only, and thus

information indicated by the CFI may be defined differently according to a bandwidth.

For example, if the bandwidth is less than a specific threshold value, the CFI values of

1, 2, and 3 may indicate that the number of OFDM symbols used for PDCCH

transmission in the subframe is 2, 3, and 4, respectively.

[74] The following table shows an example of a CFI and a 32-bit CFI codeword which

generates by performing channel coding to the CFI.

[75] Table 1

[Table 1]

CFI codeword
CFI < bo, b1, ..., b

1

<0.1, 1,0,1, 1-0.1, 1.0,1, 1.0,1, 1.0,1, 1.0,1, 1.0,1. 1.0,1, 1,0,1- l,0,l>

<l,0,l,l,0,l.l,0,l.l,0,l,l,0,l,l,0,l.l,0,l,l,0.1,l,0,l,l,0.1,l,0>

<1, 1,0,1, 1,0.1, 1,0.1, 1,0,1, 1,0,1,1,0.1,1,0,1, 1.0,1,1,0,1,1 .0,1,1 ;

(Reserved) <0.0,0,0.0,0.0.0,0,0,0,0.0,0,0.0.0,0.0,0,0.0,0,0.0,0,0.0,0.0.0,0>

[76] The CFI codeword can be modulated using a quadrature phase shift keying (QPSK)

scheme. In this case, the 32-bit codeword is modulated into 16 symbols. Accordingly,

16 subcarriers are used in PCFICH transmission.

[77] A resource element group (REG) is used to define mapping of a control channel onto

a resource element. One REG can consist of 4 resource elements except for a resource

element used for reference signal transmission. A 1st OFDM symbol in a subframe has

2 REGs in one resource block.

[78] Since 16 subcarriers are used in PCFICH transmission, 4 REGs can be used in

PCFICH transmission. An REG to which the PCFICH is mapped may vary according



to the number of resource blocks in a frequency domain. In order to avoid inter-cell in

terference of the PCFICH, the REG to which the PCFICH is mapped can be shifted in

the frequency domain according to a cell ID.

[79] FIG. 10 shows an example of mapping a PCFICH to REGs.

[80] Referring to FIG. 10, the PCFICH is transmitted on 4 REGs, and the respective

REGs to which the PCFICH are mapped are spaced apart from one another. In

addition, the REGs to which the PCFICH is mapped are shifted in a frequency domain

according to a cell ID.

[81] Now, a PHICH will be described.

[82] A plurality of PHICHs constitute one PHICH group, and are mapped to the same

REG. The PHICHs in the PHICH group can be separated through different sequences.

For example, orthogonal sequences can be used. One PHICH group can include

PHICH channels for a plurality of UEs. A plurality of PHICH groups can be created in

one subframe. For example, ACK/NACK information transmitted through the PHICH

may be repeated three times, and may be spread by 4-fold to create 12 symbols. In this

case, 3 REGs can be used in PHICH transmission.

[83] FIG. 11 shows an example of mapping a PCFICH and a PHICH to REGs.

[84] Referring to FIG. 11, there are 3 PHICH groups, each of which is mapped to an REG

to which a PCFICH is not mapped. Each PHICH group is transmitted on 3 REGs. The

REGs to which each PHICH group is mapped are switched in a frequency domain

according to a cell ID. Inter-cell interference of the PHICH can be avoided by shifting

the REGs in the frequency domain.

[85] Now, a PDCCH will be described.

[86] A control region consists of a logical CCE stream which is a plurality of control

channel elements (CCEs). Hereinafter, the CCE stream is a set of all CCEs constituting

the control region in one subframe. The CCE corresponds to a plurality of REGs. For

example, the CCE may correspond to 9 REGs.

[87] A plurality of PDCCHs can be transmitted in the control region. The PDCCH carries

control information such as scheduling grant, power control, etc. The PDCCH is

transmitted on an aggregation of one or several consecutive CCEs. A format of the

PDCCH and the possible number of bits of the PDCCH are determined according to

the number of CCEs constituting the CCE aggregation. Hereinafter, the number of

CCEs used for PDCCH transmission is referred to as a CCE aggregation level. The

CCE aggregation level is a CCE unit for searching for the PDCCH. A size of the CCE

aggregation level is defined by the number of contiguous CCEs. For example, the CCE

aggregation level may be an element of {1, 2, 4, 8}.

[88] The following table shows an example of the format of the PDCCH and the possible

number of bits of the PDCCH.



[89] Table 2

[Table 2]

[90] Control information transmitted through the PDCCH is referred to as downlink

control information (DCI). The DCI transports uplink or downlink scheduling in

formation, an uplink power control command, etc. A size and usage of the control in

formation transmitted through the PDCCH may differ according to the DCI format.

[91] The following table shows an example of the DCI format.

[92] Table 3

[Table 3]

[93] A DCI format 0 is used for physical uplink shared channel (PUSCH) scheduling. A

DCI format 1 is used for scheduling of one PDSCH codeword. A DCI format IA is

used for compact scheduling of one PDSCH codeword. A DCI format IB is used for

compact scheduling of one PDSCH codeword in a closed-loop rank 1 transmission

mode. A DCI format 1C is used for paging, random access channel (RACH) response,

and dynamic BCCH. A DCI format ID is used for PDSCH scheduling in a multi-user

(MU)-MIMO mode. A DCI format 2 is used for PDSCH scheduling in a closed-loop



rank-adapted spatial multiplexing mode. A DCI format 2A is used for PDSCH

scheduling in an open-loop rank-adapted spatial multiplexing mode. DCI formats 3 and

3A are used for transmission of a transmission power control (TPC) command for a

physical uplink control channel (PUCCH) and a PUSCH.

[94] Each DCI format consists of a plurality of information fields. The following table

shows an example of information fields constituting the DCI format 1.

[95] Table 4

[Table 4]

[96] Herein, a resource allocation header field indicates a resource allocation type. A

resource block assignment field may have a different size according to a bandwidth

size. A modulation and coding scheme (MCS) field indicates a modulation order and a

channel coding rate. A hybrid automatic repeat request (HARQ) process number field

can indicate up to 8 HARQ processes. A new data indicator (NDI) field indicates new

data transmission if toggled. A redundancy version (RV) field indicates a starting point

of channel codes for HARQ. A TPC command field indicates information for uplink

power control. A downlink assignment index field is used only in a time division

duplex (TDD) system. A size of each information field is shown for exemplary

purposes only, and thus a bit size of each information field is not limited thereto.

[97] FIG. 12 is a flowchart showing a process of configuring a PDCCH.

[98] Referring to FIG. 12, in step Sl 10, a BS attaches a cyclic redundancy check (CRC)

for error detection to DCI to be transmitted to a UE. The CRC is masked with an

identifier (referred to as a radio network temporary identifier (RNTI)) according to an

owner or usage of the PDCCH. If the PDCCH is for a specific UE, a unique identifier

(e.g., cell-RNTI (C-RNTI)) of the UE may be masked onto the CRC. Alternatively, if

the PDCCH is for a paging message transmitted through a PCH, a paging indicator



identifier (e.g., paging-RNTI (P-RNTI)) may be masked onto the CRC. If the PDCCH

is for system information transmitted through a DL-SCH, a system information

identifier (e.g., system information-RNTI (SI-RNTI)) may be masked onto the CRC. If

the PDCCH is for indicating a random access response that is a response for

transmission of a random access preamble of the UE, a random access-RNTI

(RA-RNTI) may be masked onto the CRC.

[99] In step S120, the CRC-attached control information is channel-coded to generate

coded data. In step S130, a rate matching is performed. In step S140, modulation

symbols are generated by modulating the coded data. In step S150, the modulation

symbols are mapped to physical resource elements.

[100] A plurality of PDCCHs for several UEs can be transmitted by being multiplexed in

one subframe. The aforementioned process of configuring the PDCCH of FIG. 12 is

performed independently for each PDCCH. The BS does not provide the UE with in

formation indicating where a PDCCH of the UE is located in a control region allocated

in a subframe. Therefore, the UE monitors a set of PDCCH candidates in the subframe

to find a PDCCH of the UE. Monitoring implies that the UE attempts decoding of each

PDCCH according to all the monitored DCI formats. This is referred to as blind

decoding (or blind detection). For example, the UE detects the PDCCH of the UE

when a CRC error is not detected as a result of CRC checking after a C-RNTI of the

UE is de-masked to the PDCCH candidates.

[101] In a control channel described up to now, one PDCCH is valid within only one

subframe in which the PDCCH is transmitted. Therefore, in order for the UE to receive

the PDCCH transmitted to the UE, the UE has to perform blind decoding on all CCEs

existing in a control region in every subframe. Since the UE does not know which

PDCCH format is transmitted, the UE has to decode all PDCCHs with a possible

PDCCH format until blind decoding of the PDCCH is successfully performed in every

subframe. The UE does not know how many CCEs are used by the PDCCH for the

UE, and thus the UE has to attempt detection with all possible CCE aggregation levels

until blind decoding of the PDCCH is successfully performed.

[102] However, even when the UE continuously receives data, it is very ineffective for the

BS to transmit the PDCCH in every subframe and for the UE to perform blind

decoding on the PDCCH in every subframe. This is because limited radio resources are

wasted and power consumption of the UE is unnecessarily increased. In addition,

limited PDCCH resource may result in potential scheduling restriction since PHICH

and PCFICH share the REG resources in PDCCH region so that possible number of

PDCCH transmission in each subframes is different. Therefore, the PDCCH needs to

be appropriately distributed to another subframe having low PDCCH overhead.

[103] Therefore, resources need to be allocated using one PDCCH for several subframes,



and/or a PDCCH is transmitted in a subframe in which PDCCH overhead is lower,

and/or available PDCCH resource is larger in order to avoid potential PDSCH

scheduling restriction. That is, one PDCCH can be valid within the several subframes

or in a different subframe. Hereinafter, a multi-subframe allocation method in which

resources are allocated using one PDCCH for several subframes, and/or a resource is

allocated using a PDCCH in another subframe, and a data receiving method in which a

UE uses the PDCCH will be described. For convenience of explanation, the afore

mentioned frame structure in which a PDCCH is valid only in the subframe in which

the PDCCH is transmitted is referred to as a long term evolution (LTE) frame

structure, and a UE using the LTE frame structure is referred to as an LTE_UE. In

addition, a frame structure in which one PDCCH may allocate data for several

subframes or different subframe is referred to as an LTE-A frame structure, and a UE

using the LTE-A frame structure is referred to as an LTE_A_UE. Preferably, the

LTE_UE and the LTE_A_UE maintain compatibility with each other. Thus, in a

method described below, a BS can transmit a PDCCH simultaneously to the LTE_UE

and the LTE_A_UE.

[104] FIG. 13 is a flowchart showing a method of receiving data according to an em

bodiment of the present invention.

[105] Referring to FIG. 13, a UE detects a PDCCH on which control information is

transmitted in a first subframe (step S210). The UE receives data in at least one second

subframe based on the control information (step S220).

[106] Hereinafter, for convenience of explanation, a subframe in which the PDCCH is

transmitted is referred to as the 1st subframe, and subframe(s) in which the PDCCH

transmitted in the 1st subframe is valid is (are) referred as the 2nd subframe(s). The

2nd subframe(s) include the 1st subframe and/or one or more subframes subsequent to

the 1st subframe. In addition, the 2nd subframes may be either contiguous or dis

contiguous if multiple subframes are used for resource allocation as 2nd subframes.

[107] The control information may further include subframe information which indicates

the 2nd subframe(s) in addition to scheduling information for data reception. The

subframe information may include the number of the 2nd subframe(s).

[108] In addition, the subframe information may include an offset field. The offset field

may indicate an offset between the first subframe and a third subframe, the third

subframe which is one subframe out of the 2nd subframe(s). Alternatively, the offset

field may indicate an offset between two adjacent subframes out of the 2nd subframes.

The subframe information may include a plurality of offset fields. For example, it is

assumed that the 1st subframe is a subframe n, and the 2nd subframes are a subframe

n+2 and a subframe n+5. In this case, the subframe information may include two offset

fields. The each of the two offset fields may indicate an offset between each of the 2nd



subframes and the 1st subframe, for example, (2, 5). Alternatively, the two offset fields

may indicate an offset between the 1st subframe and one of the 2nd subframes and an

offset between the 2nd subframes in accordance with a subframe order, for example,

(2, 3).

[109] The subframe information may include one offset field. For example, if the 1st

subframe is the subframe n and an offset is 3, the 2nd subframe(s) may be regularly

located, for example, subframes n+3 and n+6.

[110] Hereinafter, an LTE-A frame structure will be described in detail.

[Ill] (1) Fixed multi-subframe allocation structure

[112] The LTE-A frame structure has to be designed such that not only an operation of an

LTE_A_UE but also an operation of an LTE_UE are not affected by the structure.

[113] FIG. 14 shows an example of a method of allocating data through PDCCHs of an

LTEJJE and an LTE_A_UE.

[114] Referring to FIG. 14, in the LTEJJE, a PDCCH is valid only in the same subframe

in which the PDCCH is transmitted. In the LTE_AJJE, one PDCCH may have only

control information of the same subframe similarly to the LTEJJE, or may have

control information of another subframe or several subframes. The LTE_AJJE also

can use the same DCI format as the LTEJJE. One PDCCH may always be valid

during a fixed number of subframes. Alternatively, the number of valid subframes for

one PDCCH may differ according to a time. In this case, the LTE_AJJE can receive

subframe information including the number of subframes during which one PDCCH is

valid from the BS. For example, the subframe information may include the number of

2nd subframes. The subframe information may include information indicating the

number of radio frames during which one PDCCH is valid. The subframe information

may be identical for all LTE_AJJEs in a cell or may differ from one LTE_AJJE to

another. The subframe information may be transmitted using higher layer signaling

according to a LTE_AJJE, may be used semi-statically according to a cell, or may be

transmitted using a broadcast message. One PDCCH for LTE_AJJE may be valid

only for a corresponding subframe within a multi-subframe duration. In this case, a

specific time offset indicating valid subframe of the PDCCH can be informed by BS.

[115] According to the DCI formats, PDCCH for LTE_AJJE can be different such that

some PDCCH are only valid in the same subframe as similar to that of LTEJJE and

the other PDCCH are valid during multi-subframe duration. Among the PDCCH valid

during muti-subframe duration, at least one PDCCH is used for multiple resource al

location and the other PDCCH are used for a resource allocation in different subframe.

[116] The LTE_AJJE can continuously receive data by using one PDCCH during a multi-

subframe duration corresponding to the subframe information. Since the UE does not

have to find a PDCCH of the UE by performing blind decoding in every subframe, un-



necessary power consumption can be reduced. In addition, since the BS does not con

tinuously transmit the PDCCH in every subframe, a corresponding resource can be

used for another PDCCH transmission and/or data transmission. Accordingly, an

overall system throughput can be improved and PDSCH scheduling restriction can be

relaxed.

[117] (2) Multi-subframe allocation method using multi- subframe indicator (MSI)

[118] When the number of valid subframes for one PDCCH differs according to a time, an

MSI may be added to information filed of a DCI format. The MSI is subframe in

formation indicating the number of subframes during which the PDCCH is valid. By

adding the MSI to the DCI format, the subframe information may vary according to a

time, an LTE_A_UE, or a BS.

[119] The MSI may be added to all DCI formats or may be added only a DCI format

related to the PDSCH. Alternatively, among the DCI formats related to all PDSCHs,

the MSI may be used for a DCI format capable of transmitting a large amount of data

or for a DCI format supporting rank-adaptive spatial multiplexing such as the DCI

format 2. Alternatively, a DCI format may be configured for the LTE_A_UE and the

MSI may be added only to the DCI format.

[120] Adding of a new information field to a DCI format results in a slight increase of an

overhead, but enables flexible resource allocation. Therefore, control can be achieved

for each subframe, and a system throughput can be improved.

[121] In the aforementioned multi-subframe allocation method, one PDCCH is valid during

consecutive multiple subframes. In a multi-subframe allocation method to be described

below, one PDCCH is valid during discontinuous multiple subframes.

[122] (3) Multi-subframe allocation method using offset

[123] One PDCCH may be valid in the subframe(s) having the corresponding offset. If one

PDCCH is only valid in a subframe, the PDCCH is used for resource allocation in the

subframe having the corresponding offset. Alternatively, one PDCCH is valid in

multiple subframes comprising a subframe which the PDCCH is transmitted and a sub

sequence subframe corresponding to an offset of the subframe. As such, discontinuous

multiple subframes can be allocated by using the offset.

[124] The offset may be predefined. Altenatively, the offset may be informed by a BS. For

example, information regarding offset may be signaled in higher layer signaling or

may be signaled in a PDCCH. In this case, an LTE_A_UE may receive subframe in

formation indicating an offset between a 1st subframe and a 2nd subframe from a BS.

The subframe information indicating the offset may be transmitted by additionally

defining an offset field in a specific DCI format. When the multiple subframes are

allocated by using the offset, it is possible to mitigate PDCCH resource leakage in a

subframe by distributing PDCCH to another subframe having less PDCCH overhead.



[125] FIG. 15 shows an example of a multi-subframe allocation method using an offset.

[126] Referring to FIG. 15, a subframe 0 and a subframe 1 each include a control region,

but a subframe 2 does not include a control region. Hereinafter, for convenience of ex

planation, a control region included in the subframe 0 is referred to as a control region

0, and a control region included in the subframe 1 is referred to a control region 1. In

the control region 0, a PDCCH of an LTEJJE and a PDCCH of a 1st LTE_A_UE

(hereinafter, LTE_A_UE_1) are transmitted. The PDCCH transmitted on the control

region 0 for the LTE_A_UE_1 may include an offset field indicating the subframe 2.

Therefore, the PDCCH transmitted on the control region 0 for the LTE_A_UE_1 is

valid in the subframe 0 and the subframe 2.

[127] In the control region 1, the PDCCH of the LTEJJE and a PDCCH of a 2nd

LTE_A JJE (hereinafter, LTE_AJJE_2) are transmitted. The PDCCH transmitted on

the control region 1 for the LTE_AJJE_2 is valid in the subframe 1 and the subframe

2. Since there is no control region in the subframe 2, resources cannot be allocated to

the LTEJJE in the subframe 2. Resources used by the LTEJJE in the subframe 1 can

be reallocated to the LTE_AJJE_1.

[128] The multi-subframe allocation method using the offset can have a configuration in

which no PDCCH is transmitted such as in the subframe 2 of FIG. 15. Since u n

necessary transmission of the PDCCH can be further reduced, limited resources can be

effectively used.

[129] In addition to an offset for a subframe, an offset in a frequency domain and/or an

offset in a time domain can be used. The offset information may indicate either an

offset in a time domain or an offset in a frequency domain. For example, if the offset in

the frequency domain is N, resources shifted by N resource blocks can be allocated to

the LTE_AJJE in a next subframe. If the offset in the time domain is M, resources

shifted by M OFDM symbols can be allocated to the LTE_AJJE in a next subframe.

[130] (4) Multi-subframe allocation method using MSI and offset

[131] The aforementioned multi-subframe allocation method using the MSI and the afore

mentioned multi-subframe allocation method using the offset can be used in com

bination with each other. A DCI format transmitted through a PDCCH may include an

MSI field and an offset field. When using the combination of the MSI and the offset,

the PDCCH is valid from a subsequent subframe spaced by an offset to a subframe

corresponding to the MSI. In this case, an overhead is significantly increased since

both the MSI field and the offset field have to be defined in the DCI format, but a

scheduler of a BS can have maximum flexibility. Alternatively, without having to use

the MSI field, multiple subframes can be transmitted for each LTE_A JJE or each cell

by using upper layer signaling.

[132] (5) Multi-subframe allocation method using reserved state of PCFICH



[133] Referring to table 1, a CFI of 4 is reserved for a further use. Reserving one state of a

highly reliable channel such as the PCFICH is ineffective when it is considered that the

PCFICH is transmitted in every subframe. Therefore, multiple subframes can be

allocated by utilizing this reserved state. When the CFI is 4, an LTE_UE detects error

occurrence and thus does not perform blind decoding of a PDCCH in a corresponding

subframe. Therefore, when the CFI of 4 is used for another usage for an LTE_A_UE, it

has no effect on the LTE_UE. The CFI of 4 can be used for the LTE_A_UE in several

meanings. For example, if a CFI of a specific subframe is 4, it may imply that a

PDCCH of a previous subframe is valid. If the CFI is 4 continuously, it may imply that

the PDCCH of the previous subframe is continuously valid. The LTE_A_UE may

receive data by directly using the PDCCH of the previous subframe in the specific

subframe. For another example, if the CFI of the specific subframe is 4, it may imply

that the PDCCH does not exist in the specific subframe. As such, if a CFI of each of

the 2nd subframes except for the 1st subframe has a specific value, a UE may

determine that a PDCCH of the 1st subframe is valid in the each of the 2nd subframes.

[134] However, among DCI formats transmitted through a PDCCH, a DCI format (e.g., a

DCI format 0) is related to a PUSCH independent from a PDSCH. Therefore, if the

CFI of the specific subframe is 4, it may imply that the LTE_A_UE has a PDCCH for

a PUSCH only in one OFDM symbol. As such, the CFI of 4 can be used for the

LTE_A_UE related to the PDCCH of a corresponding subframe.

[135] (6) Multi-subframe allocation method by reusing information field of DCI format

[136] The number of valid subframes for one PDCCH can be indicated by reusing an in

formation filed of a DCI format. For example, the number of valid subframes can be

indicated by reusing an MCS field included in most of DCI formats. Even if the same

number of resource blocks are allocated, a size of information that can be transmitted

differs according to an MCS level. Therefore, allocation of a specific number of

multiple subframes can be defined according to the MCS level. In this case, a specific

payload size can be transmitted irrespective of the MCS level. Further, since an ad

ditional MSI field does not have to be added to the DCI format, an overhead of the

PDCCH can be reduced. In addition thereto, the multiple subframes can be allocated

by using another information filed other than the MCS field or by combining a

plurality of information fields of the DCI format.

[137] (7) Channel coding and HARQ process in multi-subframe allocation

[138] When using an LTE_UE, channel coding is performed according to data in one

subframe, and a CRC is used for error detection. Therefore, when using the LTE_UE,

HARQ operates for each subframe. When multiple subframes are allocated using one

PDCCH to an LTE_A_UE, channel coding can be used throughout several subframes.

Accordingly, an overhead caused by the CRC can be reduced. When using the



LTE_A_UE, a method of performing an HARQ process has a problem. Therefore, it is

preferable that a type of HARQ used in the LTE_A_UE is different from that used in

the LTE_UE. For example, when multiple subframes are allocated, HARQ can be

performed in accordance with an HARQ process number of a last subframe of the

multiple subframes.

[139] (8) PDCCH structure for applying HARQ process for each subframe

[140] When a downlink multi-subframe is allocated to an LTE_A_UE by using one

PDCCH, DCI transmitted on the PDCCH can allocate several HARQ processes

through an information field.

[141] The following table shows an example of information fields constituting a DCI

format that allocates several HARQ processes.

[142] Table 5

[Table 5]

[143] Referring to the table above, when up to two subframes can be allocated to an UE by

using one PDCCH, an HARQ process can be applied for each subframe by allocating

two independent HARQ processes.

[144] The following table shows another example of information fields constituting a DCI

format that allocates several HARQ processes.

[145] Table 6



[Table 6]

[146] Referring to the table above, not only an HARQ process number field but also a new

data indicator (NDI) field and a redundancy version (RV) field can be defined for each

subframe. The RV field may be shared by a plurality of subframes.

[147] The above description focuses on a case where a UE receives downlink data in a

plurality of downlink subframes based on control information through one PDCCH.

However, the above description can also apply to a case where the UE transmits uplink

data in a plurality of uplink subframes based on control information through one

PDCCH.

[148] FIG. 16 is a flowchart showing a method of transmitting data according to an em

bodiment of the present invention.

[149] Referring to FIG. 16, a UE detects a PDCCH on which control information is

transmitted in a 1st subframe (step S3 10). The UE transmits data in at least one second

subframe based on the control information (step S320).

[150] FIG. 17 shows an example of a method of transmitting data based on PDCCHs of a

LTE-A user equipment.

[151] Referring to FIG. 17, a LTE_A_UE receives a first uplink grant on PDCCH in

downlink subframe 0. The LTE_A_UE transmits uplink data based on the first uplink

grant in uplink subframe 4 and uplink subframe 5 each. The LTE_A_UE receives a

second uplink grant on PDCCH in downlink subframe 3. The LTE_A_UE transmits

uplink data based on the second uplink grant in uplink subframe 4 and uplink subframe

5 each. In contrast, if a LTE_UE receives a uplink grant on PDCCH in downlink



subframe 0, the LTE_UE can transmit uplink data based on the uplink grant in only

uplink subframe 4.

[152] As such, the UE can effectively receive data during a plurality of subframes by using

one PDCCH. Therefore, since the UE does not have to find a PDCCH of the UE by

performing blind decoding in every subframe, unnecessary power consumption can be

reduced. In addition, since the BS does not continuously transmit the PDCCH in every

subframe, a corresponding resource can be used for data transmission. Accordingly, an

overall system throughput can be improved.

[153] In view of the exemplary systems described herein, methodologies that may be im

plemented in accordance with the disclosed subject matter have been described with

reference to several flow diagrams. While for purposed of simplicity, the

methodologies are shown and described as a series of steps or blocks, it is to be u n

derstood and appreciated that the claimed subject matter is not limited by the order of

the steps or blocks, as some steps may occur in different orders or concurrently with

other steps from what is depicted and described herein. Moreover, one skilled in the art

would understand that the steps illustrated in the flow diagram are not exclusive and

other steps may be included or one or more of the steps in the example flow diagram

may be deleted without affecting the scope and spirit of the present disclosure.

[154] What has been described above includes examples of the various aspects. It is, of

course, not possible to describe every conceivable combination of components or

methodologies for purposes of describing the various aspects, but one of ordinary skill

in the art may recognize that many further combinations and permutations are possible.

Accordingly, the subject specification is intended to embrace all such alternations,

modifications and variations that fall within the spirit and scope of the appended

claims.



Claims
[Claim 1] A method of receiving data in a wireless communication system,

carried in a user equipment (UE), the method comprising:

detecting a physical downlink control channel (PDCCH) on which

control information is transmitted in a first subframe; and

receiving data in at least one second subframe based on the control in

formation.

[Claim 2] The method of claim 1, wherein the at least one second subframe

comprises the first subframe.

[Claim 3] The method of claim 1, wherein the at least one second subframe

comprises a plurality of contiguous subframes.

[Claim 4] The method of claim 1, wherein the first subframe and the at least one

second subframe are transmitted in different time.

[Claim 5] The method of claim 1, wherein the control information comprises

subframe information which indicates the at least one second subframe.

[Claim 6] The method of claim 5, wherein the subframe information comprises

the number of the at least one second subframe.

[Claim 7] The method of claim 5, wherein the subframe information comprises an

offset field.

[Claim 8] The method of claim 7, wherein the offset field indicates an offset

between the first subframe and one subframe out of the at least one

second subframe.

[Claim 9] The method of claim 7, wherein the offset field indicates an offset

between two adjacent subframes out of the at least one second

subframes.

[Claim 10] The method of claim 7, wherein the offset field indicates either an

offset in a time domain or an offset in a frequency domain.

[Claim 11] The method of claim 1, wherein a control format indicator (CFI)

transmitted on a physical control format indicator channel (PCFICH) in

the at least one second subframes has a specific value.

[Claim 12] A user equipment comprising:

a radio frequency (RF) unit transmitting and/or receiving a radio signal;

and

a processor coupled with the RF unit and configured to:

detect a PDCCH on which control information is transmitted in a first

subframe; and

receive data in at least one second subframe based on the control in-



formation.

[Claim 13] A method of transmitting data in a wireless communication system,

carried in a UE, the method comprising:

detecting a physical downlink control channel (PDCCH) on which

control information is transmitted in a first subframe; and

transmitting data in at least one second subframe based on the control

information.
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