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[ DESCRI PTI ON|
[invention Title]

METHOD AND APPARATUS FOR REQUESTI NG SCHEDULING IN
W RELESS COVMUNI CATI ON SYSTEM
[ Techni cal Field]

The present i nvention rel ates to a wreless
comuni cation system and, nore particularly, to a nethod
for requesting, by User Equipnent (UE) , scheduling from a
Base Station (BS) in order to send uplink (uL) data to the
eNB and an apparatus for supporting the sane.

[ Background Art] B

Mobil e communi cation systens have been developed to
provi de voice services, while guaranteeing user activity.
Service coverage of nobile communication systens, however,
has extended even to data services, as well as voice

services, and currently, an explosive increase in traffic

has resulted in shortage of resource and user demand for a

hi grh speed servi ces, requiring advanced nobi | e
comuni cation systens.

The requirenents of the next -generation nobi | e
comuni cati on system may include supporting huge data
traffic, a remarkable increase in the transfer rate of each
user, the accomodation of a significantly increased nunber
of connection devices, very low end-to-end |latency, and
high energy efficiency. To this end, various techniques,
such as small cell enhancement, dual connectivity, massive
Multiple Input Miultiple Qutput (MM) , in-band. full duplex,
non- ort hogonal multiple access (NOWA) , supporting super-

wi de band, and device networking, have been researched.
[ Di scl osure]
[ Techni cal Problem

In nobile conmmunication systems, in order to maximze

resource utilization, a nethod of transmtting and
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receiving data through a resource allocation procedure
based on base station scheduling. However, this causes to
increase latency in uplink data transmssion of a user
equi prent . -

An object of the present - invention is to propose the
definition of nmultiple Scheduling Request (SR types for
mnimzing the latency of UE in a wreless comunication
system

Anot her object of the 'present invention is to propose
a method for enabling UE to rapidly send UL data through a
specific SR type if the UL data to be transmitted by the UE
is generated from an application sensitive to delay or if
the UE intermttently sends snall data.

The t echni cal probl ens sol ved by the present
invention are not limted to the above technical problens
and those skilled in the art may understand other technical
problens from the follow ng description. |
~_[Technical Sol ution] [ L

In an aspect of the present invention, a nethod of
requesti ng, by user equi prrent (ug) schedul i ng for
transmtting uplink data in a wireless conmunication system
.may include transmtting, by the UE, a Scheduling Request
(SR of an SR type selected from nultiple SR types to an
eNB, receiving, by the UE, an wuplink grant determ ned
according to the selected SR type from the eNB, and
transmtting, by the UE, uplink data to the eNB through a
physical wuplink shared channel (PUSCH) resource allocated
by the uplink grant.

In another aspect of the present invention, user
equi prrent  that requests scheduling for transmtting uplink
data in a wireless comunication system may include a Radio
Frequency (RF) unit for sending and receiving radio signals
and a processor. The processor nmay be configured to

transmt a Scheduling Request (sR of an SR type selected
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from nultiple SR types to an eNB, receive an uplink grant
determined according to the selected SR type from the eNB,
and transmit uplink data to the eNB through a physical
uplink shared channel (PUSCH) resource allocated by the
uplink grant.

At least one of an index of a physical uplink control
channel ( PUCCH) resource, an SR periodicity, or an SR
subframe offset for sending the SR may be differently
configured according to each of the nultiple SR types.

The size of the uplink data my be determined for
each of the multiple SR types.

The PUSCH resource allocated by the uplink grant my
be deternined based on the size of the wuplink data
according to the selected SR type.

The size of a soft buffer set by the eNB nmay be
determined based on the size of the uplink data according

to the selected SR type.

.——. --A - resource ---allocation - procedure for ~~sending -~ the

uplink data may be determned according to the multiple SR
types .

- The user equi prent may receive mul tiple SR
configuration information for configUring the multiple SR
types from the eNB.

The nmultiple SR configuration information rmay include
at least any one of information about an index of a PUCCH
resource, an SR periodicity, or an SR subfrane offset
corresponding to each of the multiple SR types.

If the SR is an SR for sending the BSR, the user
equi pmrent may receive an uplink grant for sending a Buffer
Status Report (BSR) from the eNB and send the BSR to the
eNB through the PUSCH resource allocated by the wuplink
grant for sending the BSR

[ Advant ageous Ef f ect s]

In accordance with an enbodinent of the present
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i nventi on, delay attributable to the assignnent of UL
resources can be reduced by newy defining multiple SR
types .

Furthernmore, in accordance wth an enbodiment of the
present invention, UL data generated from an application
sensitive to delay or intermttent UL data of a snmall size
can be rapidly transmtted by newly defining a scheduling
request signal.

The effects of the present invention are not limted
to the above-described effects and other effects which are
not described herein will becone apparent to those skilled
in the art from the follow ng description.

[ Description of Draw ngs]

The acconpanying drawings, which are included to
provide a further wunderstanding of the invention and are
incorporated in and constitute a part of this application,

illustrate enbodinent (s) of the invention and together wth

the- description - serve- ‘to ~explain the principle "of "the

i nvention .

FIG 1 illustrates a schematic structure a network
structure of an evolved universal nobile telecomunication
system (E-UMIS) to which the present i nvention .can be
applied .

FIG 2 illustrates the configurations of a control
plane and a wuser plane of a radio interface protocol
between the E-UTRAN and a UE in the wreless comunication
system to which the present invention can be applied.

| FI G 3 illustrates physical channels and a view
showi ng physical channels used for in the 3GPP LTEH LTE-A
system to which the present invention can be applied.

FIG 4 is a diagram showing the structure of a radio
frame used in a 3GPP LTE system to which the present
i nvention can be applied.

FIG 5 shows an exanple of a resource grid for one
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downlink slot in the wireless communication system’'to which
the present invention can be applied.

FIG 6 shows a structure of a downlink subframe in
the wreless conmunication system to which the present
invention can be applied.

FIG 7 shows 'a structure of an uplink subfranme in the
Wi rel ess communi cati on system to which the present
invention can be applied.

FIG 8 illustrates a structure of DCl format O in the
Wi rel ess conmuni cati on system to which the present
invention can be applied.

FIG 9 illustrates an exanple of a formation that
PUCCH formats are mapped to the PUCCH regions of the UL
physi cal resource blocks in the wreless conmunication
system to which the present application can be applied.

FIG 10 shows a structure of CQ channel in case of a

normal CP in the wireless conmunication system to which the

~present invention can be applied. -------- — o mmmm e e

FIG 11 shows a structure of ACK/NACK in case of a
normal CP in the wireless comunication system to which the
present invention can be applied.

FIG 12 illustrates a nmethod for nultiplexing the
ACK/ NACK and the SR in the wireless conmnunication system to
which the present invention can be applied. A

FIG 13 illustrates the MAC PDU used in the MAC

entity in the wreless communication system to which the

"present invention can be applied.

FIG 14 and FIG 15 illustrate the sub-header of the
MAC PDU in the wireless communication system to which the
present invention can be applied.

FI G 16 illustrates formats of the MAC control
elements in order to report the buffer state in the
Wi rel ess conmuni cati on system to which the present

i nvention can be applied.
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FIG 17 represents an exanple of conponent carrier
and carrier aggregation in the wreless comunication
system to which the present “invention can be appl i ed.

FI G 18 illustrates a UL resource al l ocation
procedure of a UE in the wireless comrunication system to
which the present application can be applied.

FIG 19 is a diagram for describing a latency in C-
plane required in 3GPP LTE-A to which the present invention
can be appli ed.

FIG 20 is a diagram for describing a transition tine
from the dormant state to the active state for a
synchroni zed UE required in 3GPP LTE-A to which the present
i nvention can be applied.

FIG 21 is a di agram for describing the soft buffer
in the wireless comunication system to which the present
i nvention can be applied.

FI G 22 is a diagram illustrating SR resources
according to SR types in accordance with_ an enbodinent of_
the present invention.

FI G 23 is a diagram illustrating a nethod for
requesting scheduling  for transnmitting UL data in
accordance with an enbodimrent of the present invention.

FI G 24 is a diagram illustrating a process of
sending UL data wusing a multiple SR configuration in
accordance with an enbodiment of the present invention.

FI G 25 is a diagram illustrating a nethod for
requesting schedul i ng for transnmitting UL data in
accordance with an enbodi nent of the present invention.

FI G 26 is a block diagram illustrating t he
configuration of a wreless comunication apparatus in
accordance with an enbodi nent of the present invention.

[ Mode for I|nvention]

Reference will now be nade in detail to the preferred

enbodi nrents of the present invention, exanples of which are
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illustrated in the acconpanying dr awi ngs. The detailed
description set forth below in connection wth the appended

drawings is a description of exenplary enbodinents and is
not intended to represent the only enbodinents t hr ough
which the concepts explained in these enbodinments can be
practi ced. The detailed description includes details for
the purpose of providing an understanding of the present

i nventi on. However , it wll be apparent to those skilled
in the art that these teachings may be inplenented and
practiced wthout these specific details.

In some instances, known structures and devices are
omtted, or are shown in block diagram form focusing on
i mportant features of the structures and devices, so as not
to obscure the concept of the present invention.

In the enbodinents of the present i nventi on, t he
enhanced Node B (eNode B or eNB) nay be a termnal node of
a network, which directly commnicates wth the terninal.
In some cases, -a-specific- operation ‘described —as perforned
by the eNB may be performed by an upper node of the eNB.
Narmely, it is apparent that, in a network conpri sed of a
plurality of network nodes i ncl uding an eNB, vari ous
operations perforned for comunication wth a termnal nmay
be performed by the eNB, or network nodes other than the
eNB. The term 'eNB may be replaced with the term 'fixed
station' , 'base station (BS) ', 'Node B', 'base transceiver
system (BTS) ,', 'access point (AP) ', etc. The term 'user
equi pnent (UE) ' may be replaced with the term 'terminal',
"mobile station (V) ', "user t erm nal (un ', "mobi | e
subscri ber station (MBS) ', "subscri ber station (ss) ',
' Advanced Mobile Station (AMS) ', 'Wreless termnal (wr) ",
' Machi ne- Type Comuni cat i on (MrQ) devi ce' ' Machi ne-t o-
Machi ne (MM devi ce', " Device-to-Device (D2D) devi ce',
wirel ess device, etc.

In t he enbodi nent s of t he pr esent i nventi on,
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"downlink (DL) " refers to communication from the eNB to the
UE, and "uplink (w) " refers to comunication from the UE
to the eNB. In the downlink, transmtter may be a part of
eNB, and receiver may be part of UE In the uplink,
transmtter nmay be a part of UE, and receiver my be part
of eNB.

Specific ternms used for the enbodinents of the
present invention are provided to aid in understanding of
the present i nventi on. These specific terms may be
replaced with other ternms within the scope and spirit of
the present invention.

The enbodi nents of the present invention can be
supported by standard docunents disclosed for at |east one
of wreless access systens, Institute of Electrical and
El ectronics Engi neers (1 EEE) 802, 3rd Ceneration
Partnership Project (3GPP) , 3GPP Long Term Evolution (3GPP
LTE) , LTE-Advanced (LTE-A) , and 3GPP2 . Steps or parts that
are not described to clarify the technical- features of the
present invention can be supported by those docunents
Further, all terns as set forth herein can be explained by
the standard docunents

Techni ques described herein can be wused in various
wireless access systens such as Code Division Miltiple
Access (CDWMR) , Frequency Division Miltiple Access (FDWA) ,
Time Division Miltiple Access (TDMA) , Othogonal Frequency
Division Miltiple Access (OFDMA) , Single Carrier- Frequency
Di vi si on Mul tiple Access (SC- FDWRB) ' non-ort hogonal
multiple access (NOWA)', etc. CDVA may be inplenented as a
radio technology such as Universal Terrestrial Radio Access
(UTRA) or CDMA2000. TDMA nmay be inplenented as a radio
technol ogy such as Gobal System for Mbile comunications
(GSM [/ Gener al Packet Radi o Service (GPRS) / Enhanced Data
Rates for GSM Evolution (EDGE) . OFDMA may be inplenented
as a radio technology such as IEEE 802.11 (W-Fi), |EEE
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802. 16 (WMAX) , | EEE . 802.20, Evolved-UTRA (E- UTRA) etc.
UTRA is a part of Universal Mobile Telecomunication System
(umrs) . 3CGPP LTE is a part of Evolved UMIS (E-UMIS) using
E- UTRA. 3GPP LTE enploys OFDVA for downlink and SC FDVA
for uplink. LTE-A is an evolution of 3GPP LTE

For clarity, this application focuses on the 3GPP
LTE/LTE-A system However, the technical features of the

present invention are not linmted thereto.

Ceneral system to which the present invention nmay be

applied
FIG 1 illustrates a schematic structure a network

‘structure of an evolved wuniversal nobile teleconmunication

system (E-UMIS) to which the present invention can be
appl i ed.
An E-UMIS system is an evolved version of the UMIS

system For exanple, the E-UMIS nay be also referred to as

an LTE/LTE-A system The. EEUMIS is also referred to as a

Long Term Evolution (LTE) system
The E-UTRAN consists of eNBs, providing the E-UTRA

user plane and control plane protocol term nations towards

the UE The eNBs are interconnected wth each other by
means of the X2 interface. The X2 wuser plane interface
(X2-U) is defined between eNBs. The X2-U interface

provides non guaranteed delivery of user plane packet data
units (PDUs) . The X2 control plane interface (X2-CP) is
defined between two neighbour eNBs. The X2-CP perforns
following functions: context transfer between eNBs, control
of user plane tunnels between source eNB and target eNB,
transfer of handover rel at ed nmessages, upl i nk | oad
managenent and the Ilike. Each eNB is connected to User
Equi pmrents (UEs) through a radio interface and is connected
to an Evolved Packet Core (EPC) through an Sl interface.

The S| user plane interface (SI-U is defined between the
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eNB and the serving gateway (S-GWN . The SI-U interface
provides non guaranteed delivery of user plane PDUs between
the eNB and the S -GN The Sl control plane interface (SI-
MME) is defined between the eNB and the MME (Mbility
Managenent Entity) . The SI interface perforns follow ng
functions: EPS (Enhanced Packet Systen) Bear er Service
Managenent function, NAS (Non-Access Stratunm Si gnal i ng
Transport functi on, Net wor k Shari ng Functi on, MVE Load
bal ancing Function and the like. The S| interface supports
a many-to-nany relation between MVEs / S-GA and eNBs.

FI G 2 illustrates the configurations of a control
plane and a wuser plane of a radio interface protocol
between the E-UTRAN and a UE in the wireless comunication
system to which the present invention can be applied.

FIG 2(a) shows the respective layers of the radio
protocol control pl ané, and FIG 2(b) shows the respective
layers of the radio protocol user plane.
| Referring to the -FIG --2;  the protocol -layers- of ‘a
radio interface protocol between the E-UTRAN and a UE can
be divided into an LI layer (first layer) , an L2 Ilayer
(second layer) , and an L3 layer (third layer) based on the

lower three layers of the Open System Interconnection (0sI)

reference nodel wdely known in communication systens. The
radio interface protocol is divided horizontally into a
physical layer, a data |link layer, and a network |ayer, and
vertically into a user plane for data transmission and a

control plane for signaling.
The control plane is a passage through which control

nmessages that a UE and a network use in order to nmanage

calls are transmtted. The user plane is a passage through
which data (e.g., voice data or Internet packet data)
generated at an application layer is transnmtted. The

following is a detailed description of the layers of the

control and user planes in a radio interface protocol.
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The control plane is a passage through which control

nessages that a UE and a network wuse in order to manage

calls are transmtted. The user plane is a passage through
which data (e.g., voice data or Internet packet data)
generated at an application layer is transmtted. The

following is a detailed description of the layers of the
control and user planes in a radio interface protocol
The MAC |ayer of the second |ayer provides a service

to a Radio Link Control (RLC) layer, located above the MAC

layer, through a logical channel. The MAC l|ayer plays a
role in mapping vari ous | ogi cal channel s to various
transport channel s. And, the MAC layer also plays a role
as logical channel multiplexing in mapping several |ogical

channels to one transport channel.

The RLC layer of the second I|ayer supports reliable
data transm ssion. The RLC l|ayer perforns segnentation and
concatenation on data received from an upper layer to play
a role in adjusting a size of the data to be suitable for a_
lower layer to transfer the data to a radio section. And,
the RLC layer provides three kinds of RLC npdes including a
transparent node (TM , an unacknowl edged node (uM and an
acknow edged node (AM to secure various kinds of Qs
demanded by each radio bearer (RB) . In particular, the AM
RLC performs a retransm ssion functi on through automatic
repeat and request (ARQ for the reliable data transfer.
The functions of the RLC layer may also be inplenented
through internal functional blocks of the MAC Iayer. In -
this case, the RLC |ayer need not be present.

A packet data convergence protocol (PDCP) layer of
the second layer perforns a header conpression function for
reduci ng a size of an |P packet header cont ai ni ng
relatively large and unnecessary control information to
efficiently transmt such an |IP packet as IPv4d and IPv6 in

a radio section having a small bandwi dth. This enables a
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header part of data to carry nmnandatory information only to

play a rbl e in increasing transmission efficiency of the

radi o section. Moreover, in the LTE/LTE-A system the PDCP

| ayer performs a security function as well. This consists

5 of ciphering for preventing data interception conducted by

a third party and integrity protection for preventing data
mani pul ati on conducted by a third party.

A Radio Resource Control (RRC) layer |located at the

bottom of the third layer is defined only in the control

10 plane and is responsible for control of logical, transport,
and physi cal channels in association wth configuration,
re-configuration, and release of Radio Bearers (RBs) . The

RB is a logical path that the second I|ayer provides for
data communi cation between the UE and the E-UTRAN To

15 acconplish this, the RRC layer of the UE and the RRC Iayer
of the network exchange RRC nessages. To Configure of
Radio Bearers nmneans that the radio protocol | ayer and the

7777777 Characteristic of channels .are defined for certain service -

and that each of specific parameters and operating nmethod

20 are configured for certain service. The radio bearer can
be divided signaling radio bearer (SRB) and data radio
bearer (DRB) . The SRB is used as a path fof transni ssi on
RRC nessages in the control plane, and the DRB is used as a
path for transm ssion wuser data in the user plane.

25 A Non-Access Stratum (NAS) layer |ocated above the
RRC | ayer performs functions such as session managenent and
mobi | ity managenent. ‘

One cell of the eNB is set to use a bandwidth such as
1.25, 2.5, 5, 10 or 20MHz to provide a downlink or uplink

30 transmission service to UEs. Here, different cells may be

set to use different bandw dths
Downl i nk tbransport channels for transrn"ssion of data
from the network to the UE include a Broadcasf Channel (BCH)

for transmission of system information, a Paging Channel
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(PcH for transm ssion of paging messages, and a downlink
Shared Channel (DL-SCH) for transmi ssion of user traffic or
control nessages. User traffic or control nessages of a
downlink nulticast or broadcast service nmay be transnitted
through DL-SCH and may also be transnitted through a
downl i nk mul ti cast channel (MCH) . Upl i nk transport
channels for transnission of data from the UE to the
net wor k i ncl ude a Random Access Channel (RACH) for
transm ssion of initial control nessages and an uplink SCH
(UL- SCH) for transm ssion of user traffic or control
nmessages

Logi cal channel s, whi ch are | ocat ed above t he
transport channels and are mapped to the transport channels,
include a Broadcast Contr ol Channel (BCCH , a Paging
Control Channel (PCCH) , a Commobn Control Channel (CccH , a
dedi cat ed control channel (bccH) , a Milticast Cont r ol
Channel (MCCH) , a dedicated traffic channel (DTCH) , and a

As an downlink physi cal channel for transmtting
information forwarded on an downlink transport channel to a
radio section between a network and a user equipnment, there
is a physical downl i nk shar ed channel ( PDSCH) for
transmtting i nformation of DL- SCH, a physi cal control
format indicator channel (PDFICH) for indicating the nunber
of OFDM synmbols wused for transnmitting a physical downlink
control channel (PDCCH) , a physical HARQ (hybrid automatic
repeat request) indicator channel (PHICH for transmtting
HARQ ACK (Acknow edge) / NACK (Non-acknow edge) as response
to UL transnmission or a PDCCH for transmtting such control
information, as DL grant indicating resource allocation for
transmtting a Paging Channel (PCH) and DL-SCH, infornation
related to HARQ UL grant indicating resource allocation
for transmtting a UL-SCH and like that. As an uplink

physical channel for transmtting information forwarded on
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an uplink transport channel to a radio section between a
network and a user equipnent, there i‘s' a physical . uplink
shared channel (PUSCH) for transmitting information of UL-
SCH, a physical random access channel (PRACH) for
transmtting RACH information or a physical uplink control

channel (PUCCH) for transmitting such control information,

which is provided by first and second |ayers, as HARQ
ACK/ NACK (Non- acknow edge) schedul i ng request (SR

channel quality indicator (CQ) report and the Iike.

The NAS state nodel is based on a two-dinmensional
nodel which consists of EPS Mbility Managenent (EMV)
states and of EPS Connection Mnagenent (ECM states. The
EMM states describe the nobility managenent states that
result from the nobility managenment procedures e.g., Attach
and Tracking Area Update procedures. The ECM states

describe the signaling connectivity between the UE and the

In detail, in order to manage mobility of a UE in NAS
| ayers positioned in control planes of the UE and an MVE,
an EPS nobility managemnent REQ STERED (EMM - REG STERED)
state and an EMM DEREQ STERED state may be defined. The
EM REG STERED state and the EMWDEREG STERED state may be
applied to the UE and the MVE

The UE is in the EMM deregiétered state, like a state
in which power of the UE is first turned on, and in order
for the UE to access a network, a process of registering in
the corresponding network is performed through an initial
access procedure. When t he access procedure is
successfully performed, the UE and the MVE transition to an
EMV REG STERED st ate.

Also, in order to manage signaling connection between
the UE and the network, an EPS connection managemnent

CONNECTED (ECM- CONNECTED) state and an ECM IDLE state may
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be defined. . The ECM CONNECTED state and the ECM |IDLE state
my also be applied to the UE and the ME The ECM
connecti on may i ncl ude an RRC connection est abl i shed
between the UE and a BS and an S| signaling connection
established between the BS and the MVE The RRC state
i ndicates whether an RRC layer of the UE and an RRC |ayer
of the BS are logically connected. That is, when the RRC
|ayer of the UE and the RRC layer of the BS are connected,
the UE may be in an RRC CONNECTED state . Wien the RRC
layer of the UE and the RRC layer of the BS are not
‘connected, the UE in an RRC | DLE state.

Here, the ECM and EMM states are independent of each
other and when the UE is in EMM-REG STERED state this does
not inply that the wuser plane (radio and Sl bearers) is
establ i shed

In E-UTRAN = RRC_CONNECTED state, net wor k- control | ed

UE- assi sted handovers are perforned and various DRX cycles

-—---are-supported. " In E-UTRAN  RRC IDLE -state, cell Preselections

20

25

30

are performed and DRX is supported.

The network may recognize the presence of the UE in
the ECM CONNECTED state by the cell and effectively control
the UE. That is, when the UE is in the ECM CONNECTED state,
mobility of the UE is managed by a command from the network.
In the ECM-CONNECTED state, the network knows about a cell
to which the UE bel ongs. Thus, the network nmay transmt
and/or receive data to or from the UE control nobility
such as handover of the UE, and perform cell nmeasurenment on
a nei ghbor cell.

Meanwhil e, the network ‘cannot recogni ze the presence
of the UE in the ECM idle state and a core network (CN
manages the UE by the tracking area, a unit greater than
cell. VWen the UE is in the ECM idle state, the UE
performs discontinuous reception (DRX) set by the NAS using

an ID uniquely assigned in a tracking region. That is, the
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UE may nonitor a paging signal at a particular pagi ng
opportunity in every UE-specific paging DRX «cycle to
receive br oadcast of system information and paging
i nformati on. Also, when the UE is in the ECMidIe state,

the network does not have context information of the UE

Thus, the UE in the ECMidle state may perform a UE-

based nobility-related procedure such as cell selection or
cell reselection wthout having to receive a command from
the network. Wen a location of the UE in the ECMidle

state is changed from that known by the network, the UE may
inform the network about a |location thereof through a
tracking area update (TAU) procedure. -

As described above, in order for the UE to receive a
general nobile comunication service such as voice or data,
the UE needs to transition to an ECM-CONNECTED st ate. The
UE is in the ECMIDLE state like the case in which power of

the UE is first turned on. Wen the UE is successfully

registered .in the corresponding network through--an initial

attach procedure, the UE and the MVE transition to an ECM
CONNECTED state. Also, in a case in which the UE is
registered in the network but traffic is deactivated so
rad>io resource is not allocated, the UE is in an ECMIDLE
state, and when uplink or downlink new traffic is generated
in the corresponding UE, the UE and the MVE transition to
an ECM CONNECTED state through a service request proceduré.

FI G 3 illustrates - physical channels and a view
showi ng physical channels wused for in the 3GPP LTE LTE-A
system to which the present invention can be applied.

Wen a UE is powered on or when the UE newly enters a
cell, the UE perforns an initial cell search operation such
as synchronization wth a BS in step S301. For the initial
cell search operation, the UE nmay receive a Prinmary
Synchroni zati on Channel ( P- SCH) and a Secondary
Synchroni zati on Channel (S- SCH) from the BS so as to
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per f dr m synchroni zati on with t he BS, and acquire
information such as a cell 1D
Thereafter, the UE may receive a physical broadcast
channel ( PBCH) from the BS and écqui re br oadcast
information in the cell. Meanwhi | e, the UE may receive a
Downl i nk  Reference si gnal (DL RS) in the initial cell

search step and confirm a downlink channel state.

The UE which conpletes the initial <cell search nmay
receive a Physical Downlink Cbnt rol Channel (PDCCH and a
Physi cal Downlink Shared Channel (PDSCH) corresponding to
the PDCCH, and acquire nmore detailed system information in
step S302.

Thereafter, the UE may perform a random access
procedure in steps S303 to S306, in order to conplete the
access to the BS. For the random access procedure, the UE
may transmt a preanble via a Physical Random  Access
Channel ( PRACH) (S303) , and mmy receive a nessage in
response to the preanble via the PDCCH and the PDSCH

corresponding thereto (S304) . In contention-based random
access, a contention resolution procedure including the
transm ssi on of an additional PRACH (S305) and the

reception of the PDCCH and the PDSCH corresponding thereto
(s306) may be perforned.

The UE which perforns the above -described procedure
may then receive the PDCCH PDSCH (S307) and transmt a
Physi cal Upl i nk Shared  Channel (PUSCH) / Physi cal Upl i nk
Contr ol Channel ( PUCCH) (s308) , as a gener al
upl i nk/ downlink signal transm ssion procedure.

Control information transnmitted from the UE to the BS
is collectively referred to as uplink control information
(ucr) . The UC includes hybrid automatic repeat and
request acknow edgenent/ negative -acknow edgenent ( HARQ
ACK/ NACK) , schedul i ng request (SR , channel quality

i nformati on (CQ) , precoding matrix indicator (PM) , rank
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indication - (R) , etc. In the enbodinents of the present
invention, CQ and/or PM are also referred to as channel
gquality control infornmation.

In general , al t hough a UCI is periodically
transmtted via a PUCCH in the LTE system this may be
transmtted through a PUSCH if control information and -
traffic data are sirrulténeously transmtted. In addition,
a ud may be aperiodically transmtted via a PUSCH
according to a network request/instruction.

FIG 4 is a diagram showing the structure of a radio
franme used in a 3GP LTE system to which the present
invention can be applied.

In a cellular OFDM radi o packet comunication system

upl i nk/ downl i nk data packet transmission is perfornmed in
subframe units and one  subfrane is defined as a
pr edet er m ned duration i ncl udi ng a plurality of OFDM
synbol s. The 3GPP LTE standard- supports a type-1 radio

~frame structure applicable to frequency- division- .duplex .
(FDD) and a type-2 radio frame structure applicable to tine
division duplex (TDD) . According to the FDD schene, the UL
transm ssi on and the DL transmssion are perfornmed by
occupying different frequency bandw dths. According to the
TDD schenme, the UL transmission and the DL transmission are
performed on respective tines different from each other
while occupying the sanme frequency bandwi dth. The channel
response in the TDD scheme is substantially reciprocal.
This signifies that the DL channel response and the UL
channel response are about the sane in a given frequency
domai n. Accordi ngly, there is a nmerit that the DL channel
response can be obtained from the UL channel response in
wirel ess comunication . systens based on the TDD. In the
TDD schenme, since entire frequency bandwidth is tinely
divided in the UL transmission and the DL transm ssion, the

DL transmission by an eNB and the UL transmission by a UE
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may not be perforned sinultaneously; In the TDD system in

which the UL transm ssion and the DL transmission are

di stinguished by a wunit of subframe, the UL transm ssion

and the DL transm ssion are perforned in different
5 subfranes.

FIG 4(a) shows the structure of the type-1 radio
frane. A downlink radio frane includes 10 subfranmes and
one subframe includes two slots in a tine domain. A tinme
required to transmt one subframe is referred to as a

10  transni ssion time interval (TT1) . For exanple, one
subframe has a length of 1 ms and one slot has a length of
0. 5 nms. One slot includes a plurality of OFDM synbols in
a time domain and includes a plurality of resource blocks
(RBs) in a frequency donmin. In the 3GPP LTE system since
15 OFDVA is used in the downlink, an OFDM synbol indicates one
synbol peri od. The OFDM synbol may be referred to as an
SC- FDMA  synbol or synbol peri od. A RB as a resource
——-————-allocation ~unit  may include a plurality ~of “consecutive
subcarriers in one slot.
20 The nunber of OFDM synbols included in one slot may
be changed according to the configuration of cyclic prefix
(cP) . CP includes an extended CP and a nornmal CP. For
exanple, if OFDM synbols are configured by the normal CP,
the nunber of OFDM synbols included in one slot nmay be 7.
25 If OFDM synbols are configured by the extended CP, since
the length of one OFDM synbol is increased, the nunber of
OFDM synbols included in one slot is less than the nunber
of OFDM synbols in case of the normal CP. In case of the
extended CP, for exanple, the nunber of OFDM synbols
300 included in one slot my be 6. In the case where a channel
state is unstable, such as the case where a UE noves at a
hi gh speed, the extended CP may be used in order to further
reduce inter- synbol interference.

In case of wusing the nornal CP, since one slot
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i ncl uples seven OFDM synbols, one subfrane includes 14 OFDM
synbol s. At this tinme, a maximm of threé first OFDM
synbols of each subfrane nmay be allocated to a physical
downlink control channel (PDCCH and the remaining OFDM
syrrbols may be allocated to a physical downlink shared
channel (PDSCH)

FIG 4 () shows the structure of the type-2 radio
frame. The type-2 radio frame includes two half frames and
each half frame includes five subframes, a downlink pilot
time slot (DwWPTS) , a guard period (&) and an uplink pilot
time slot (UpPTS) . From anpong these, one subfranme includes
two slots. The DWMPTS is wused for initial cell search,
synchroni zation or channel estimation of a UE The UpPTS
is used for channel estimation of a BS and uplink
transm ssion synchronization of a UE The GP is used to
elimnate interference generated in the wuplink due to
multi-path delay of a downlink signal between the uplink

The structure of the radio franme is only exenplary
and the nunber of subfranmes included in the radio frane,
the number of slots included in the subframe, or the nunber
of synbols included in the slot may be variously changed.

FIG 5 shows an exanple of a resource grid for one
downlink slot in the wireless comunication system to which
the present invention can be applied.

Referring to the FIG &5, the downlink slot includes a
plurality of OFDM synbols in a time donain. It is

descri bed herein ithat one downlink slot includes 7 OFDVA

‘synbols and one resource block includes 12 subcarriers for

exenplary purposes only, and the present invention is not
limted thereto.

Each elenent on the resource grid is referred to as a
resource el enent, and one resource block includes 12x7

resource elenents. The resource element on the resource
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grid may be identified by an index pair (k, 1) in the slot.

Here, k (k=0, .., NRBXx12-1) denotes an index of subcarrier
in the frequency domain, and 1(1=0, ..., 6) denotes an index
of synbol in the tinme domain. The nunber NDL of resource

bl ocks included in the downlink slot depends on a downlink
transm ssion bandwidth determined in a cell.

FIG 6 shows a structure of a downlink subframe in
the wreless communication system to which the present
invention can be applied. ‘

Referring to the FIG 6, a maxinmnum of three OFDM
synbols located in a front portion of a first slot in a
subfrane correspond to a control region to be assigned wth
control channels. The remmining OFDM synbols correspond to
a data region to be assigned wth physical downlink shared
channel s ( PDSCHs)

Exanples of downlink control channels wused in the
3GPP LTE include a physical control f or mat i ndi cat or
- channel -~ (PCFICH) , a - -physical - downlink --control - -channel - -
(PDCCH) , a physical hybri d- ARQ indicator channel (PH CH |,
etc. The PCFICH transmitted in a 1st OFDM synmbol of a
subframe carries information regarding the nunmber of OFDM
synbol s (i.e., a size of a control region) used for
transm ssion of control <channels in the subfrane. Cont r ol

information transmtted over the PDCCH is referred to as

downlink control i nformation (DCl) . The DCl transmts
uplink resource assignment i nformation, downlink resource
assi gnnent i nformation, an uplink transmt power control

(TPC) command for any UE groups, etc. The PHICH carries an
acknow edgenent (ACK) / not - acknow edgenent (NACK) signal for
an uplink hybrid automatic repeat request (HARQ . That s,
the ACK/NACK signal for uplink data transmitted by a UE is
transmtted over the PH CH

A BS determnes a PDCCH format according to DCl to be

transmtted to a UE, and attaches a cyclic redundancy check
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(CRC) to control i nformat ion. The CRC is masked wth a
unique identifier (referred to as a radio network tenporary

i dentifier (RNTI) ) according to an owner or usage of the

PDCCH. If the PDCCH is for a specific UE a unique
i dentifier (e.g., -~ cell-RNTI (CGRNTT) ) of the UE my be
masked to the CRC Al ternatively, if the PDCCH is for a
pagi ng nessage, a paging i ndi cation i dentifier (e.g.,
pagi ng- RNTI (P-RNTI) ) may be masked to the CRC If the
PDCCH is for system information, a system information

identifier (e.g., system infornation-RNTI (SI-RNTI) ) may be
masked to the CRC To indicate a random access response
that is a response for transmssion of a random access
preanble of the UE, a random access-RNTI (RA-RNTI) may be
masked to the CRC

FIG 7 shows a structure of an uplink subframe in the

w rel ess comuni cati on system to which t he pr esent
invention can be applied. '
o Referring to the FIG 7, the uplink subframe can be
divided in a frequency domain into a control region and a
data region. The control region is allocated wth a
physical wuplink control channel (PUCCH) for carrying uplink
control .information. The data region is allocated wth a
physi cal uplink shared channel (PUSCH) for carrying user
dat a. In case of being indicated from higher |layer, UE can
simul taneously transmt the PUCCH and the PUSCH.

The PUCCH for one UE is allocated to an RB pair in a
subfrane. RBs belonging to the RB pair occupy different
subcarriers in respective two slots. This is called that
the RB pair allocated to the PUCCH is frequency-hopped in a

sl ot boundary.

Physi cal downlink control channel (PDCCH)

The control information transmtted through the PDCCH

is referred to as a downlink <control indicator (DCl) . In
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the PDCCH a size and use of the control information are
different according to a DCl fornat. In addition, a size
of the control information nmay be changed according to a

coding rate .

Table 1 represents the DCl according to the DC

f or mat
[ Tabl e 1]

DCI Objectives

format

0 Scheduling of PUSCH

1 Scheduling of one PDSCH codeword

1A Compact scheduling of one PDSCH codeword

1B Closed-loop single-rank transmission

1C Paging, RACH response and dynamic BCCH

1D MU-MIMO

2 Scheduling of rank-adapted closed-loop spatial
multiplexing mode

- 2A --1-Scheduling of rank-adapted open-loop spatial
multiplexing mode

3 TPC commands for PUCCH and PUSCH with 2bit
power adjustments

3A TPC commands for PUCCH and PUSCH with single
bit power adjustments

4 the scheduling of PUSCH in one UL cell with
multi-antenna port transmission mode

Referring to Table 1, the DC format includes fornat
0 for the PUSCH scheduling, format 1 for scheduling of one
PDSCH codeword, format 1A for conpact scheduling of one
PDSCH codeword, format 1C for very conpact scheduling of
the DL-SCH, format 2 for PDSCH scheduling in a closed-I|oop
spatial multiplexing node, format 2A for PDSCH scheduling
in an open- loop spatial multiplexing node, formats 3 and 3A
for transmtting a transm ssion power control (TPC) command

for a UL channel, and format 4 for PUSCH scheduling wthin
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one UL cell in a multiple antenna port transmssion node.

DCl  format 1A may be 'used for PDSCH scheduling
whi chever transmssion node is configured to a UE

Such DCI formats nay be independently applied to each
UE, and the PDCCHs of several UEs may be simltaneously
mul ti plexed in one subfrane. The PDCCH is conprised of an
aggregation of one or a few continuous control channel
elements (CCEs) . The CCE is a logical allocation unit used
for providing a coding rate according to a state of radio
channel to the PDCCH The CCE is referred to as a unit
that corresponds to nine sets of resource element group
(REG which is conprised of four resource elenents. An eNB
may use {I, 2\, 4, 8} CCEs for constructing one PDCCH signal,
and this {I, 2, 4, 8} is called a CCE aggregation |evel.
The number of CCE used for transmitting a specific PDCCH is
determned by the eNB according to the channel state. The
PDCCH configured according to each UE is nmapped with being
nterleaved .to a control channel -region -of each subframe by
a CCE-to-RE nmapping rule. A location of the PDCCH may be
changed according to the nunber of OFDM synbols for the
control channel, the nunber of PH CH group, a transm ssion
antenna, a frequency shift, etc.

As described above, a channel coding is independently
performed for the PDCCH of each nultiplexed UE, and the
cyclic redundancy check (CRC) is applied. By masking each
UE ID to CRC, the UE nmay receive its PDCCH However, in
the control region allocated in a subfrane, the eNB does
not provide information on where the PDCCH that corresponds
to the UE is. Since the UE is wunable to know on which
posi tion its PDCCH is transmtted with whi ch CCE
aggregation level and DCl format in order to réceive t he
control channel transmitted from the eNB, the UE finds its
own PDCCH by nonitoring a set of PDCCH candidates in a
- subframe. This is called a blind decoding (BD) . The blind
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‘decoding may also be called a blind detection or a blind

sear ch. The blind decoding signifies a method of verifying
whether the corresponding PDCCH is its control channel by
checking CRC errors, after the UE de-masks its UE ID in CRC

part .

Herei nafter, the information transmtted through DC
format 0 will be described.

FIG 8 illustrates a structure of DCl format O in the
Wi rel ess comuni cati on system to which t he pr esent

invention can be applied.

DCl format O is used for scheduling the PUSCH in one

UL cell.
Table 2 represents information transmtted via DC
format O.
[ Tabl e 2]
Format 0O (Rel ease 8) Format O (Rel ease 10)
Carrier |Indicator (CF)
|-Flag-for - format - O/format - 1A |-Flag- for-format ~O/format 1A -
differentiation differentiation
Hopping flag (FH Hopping flag (FH
Resour ce bl ock assi gnment Resour ce bl ock assi gnment
(RI'V) (RI'V)
MCS and RV MCS and RV
NDI (New Data |Indicator) NDI (New Data |Indicator)
TPC for PUSCH TPC for PUSCH
Cyclic shift for DM RS Cyclic shift for DM RS
UL index (TDD only) UL index (TDD only)
Downl i nk Assi gnment I ndex | Downl i nk Assi gnment I ndex
(DAI) | (DAI)
CSI request (1 bit) - CSI request (1 or 2 bits: 2
bit is for multi «carrier)
SRS request
Resour ce | al I ocati on type
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(RAT)

Referring to FIG 8 and Table 2, the infornmation
transmtted via DCI format O is as follows .

1) Carrier indicator - Includes 0 or 3 bits.

2y Flag for D f or mat O/IA differentiation -
Includes 1 bit, a value of O indicates DC fornmat O and a
value of 1 indicates DC fornmat 1A

3) Frequency hopping flag - Includes 1 bit. In this
field, a nost significant bit (MsB) of resource allocation
may be used for nulti-cluster allocation.

4) Resource block assignment and hopping resource

. D
assi gnment - Includes ’-logz(Ngi(NRé S0 pits

Her ei n, in case of PUSCH hopping in single-cluster
al | ocati on, in order to acquire a value of Ao (1) NUL_hop

(|-1|092(Ng\33/4 bty 2)-| .

NUL_hopl . .
MSBs are used. bits provide resource

allocation of a first slot within an uplink subframe. In

addition, if PUSCH hopping is not present in single-cluster

(Tiogvis vk +1y12)] )
al | ocati on,

bits provi de resource
allocation wthin an uplink subfrane. In addition, i f
PUSCH hopping is not present in multi- cluster allocation,

resource al | ocation i nformation is obt ai ned from

concatenation between the frequency hopping fIa{g field and

resource block assignment and hopping resource assignnent

[10%;:(([Nggip+lﬁﬂ
field and bits provide resource allocation

vvithin an uplink subfrane. At this tinme, the P value is
determned by the nunber of downlink resource bl ocks.

5) Mdulation and coding schene (MCS) - Includes 5
bits .

6) New data indicator - Includes 1 bit.

7) Transmit power control (TPCQ conmmand for PUSCH -
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Includes 2 bits.

8) Index of orthogonal cover/ ort hogonal cover code
(o occ) and cyclic shift for denodul ation reference si‘gnal
(DVMRS) - Includes 3 bits.

9) Uplink Index - Includes 2 bits. This field is
present only in TDD operation according to uplink-downlink
configuration o.

10) Downlink assignnent index (DAI) - Includes 2 bits.
This field is present. only in TDD operation according to
upl i nk-downlink configurations 1 to 6.

11) Channel state i nformation (Ccsl) request -
Includes 1 or 2 bits. Her ei n, a 2-bit field is only
applied to the case in which the DCl is mapped to the UE
for which one or nore downlink cells are configured, by the
C-RNTI in a UE- specific nmanner.

12) Soundi ng reference si gnal ( SRS) request -

Includes 0 or 1 bit. This field is present only in the

~case in which a scheduled PUSCH is mapped -in-a UE- specific

manner by the C-RNTI.

13) Multi-cluster flag - Includes 1 bit.

I f the nunmber of information bits in DO format O is
less than the payload size (including added padding bits)
of DCI format 1A, O is appended to DCI format O such that
the nunber of information bits becones equal to the payl oad

size of DClI fornmat 1A

PUCCH ( Physi cal Uplink Control Channel)

The PUCCH carries various sorts of wuplink control
information (UCI) according to format as fol l ows.

- SR (Scheduling Request) : This is information used
for requesting the UL-SCH resource. This information is
transmitted using an on-off keying (0OOK) method.

- HARQ ACK/ NACK: This is a response signal for DL

data packet on a PDSCH This information represents whether
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the DL data packet is successfully received. One bit of
ACK/NACK is transmitted in response to a single DL codeword
and two bits of ACK/NACK are transmtted in response to two
DL codewords

- CSI (Channel State Information) : This is feedback
information for a DL channel. The CSI may include at |east
one of a channel quality indicator (CQ) , a rank indicator
(RI) , a precoding matrix indicator (PMI) and a precoding
type indicator (PTI) . Her ei nafter, this will be referred
to 'cQ! as a conmon term for t he conveni ence of
description

The PUCCH may be nodulated by using a binary phase
shift keying (BPSK) technique and a quadrature phase shift

keyi ng (@PSK) t echni que. Contr ol i nformation for a
plurality of UEs may be transmtted through the PDCCH. In
case of performng code division rmultiplexing (CDM) to

di stinguish signal of each of the UEs,- constant anplitude

~zero autocorrelation ( CAZAQ) sequence is nostly used.

Since the CAZAC sequence has characteristics of maintaining
a fixed anplitude in a time domain and a frequency donain,
the CAZAC has characteristics proper to increase coverage
by lowering a peak- to-average power ratio (PAPR) or a cubic
metric (oM of a UE In addition, the ACK/NACK infornation
for DL data transmission transmitted through the PDCCH is
covered by wusing an orthogonal sequence or an orthogonal
cover (OO .

Addi tional ly, control information transmtted on the
PUCCH may be distinguished by using a cyclically shifted
sequence that has different cyclic shift (cs) values. The
cyclically shifted sequence nay be generated by shifting
cyclically a base sequence by as nuch as a predeterm ned
cyclic shift anount. The cyclic shift anmount is indicated
by a CS index. The nunber of available cyclic shift my be

changed according to delay spread of a channel. Vari ous
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sorts of sequence nmay be used as the basic 'sequence, and
the CAZAC sequence described above is an exanple .

In addition, the quantity of control information that
can be transmitted by a UE in a subfrane may be determn ned
dependi ng on the nunber of SC- FDVA synbols (i.e., signifies
SC-FDVMA  synbol s ot her than SC-FDMA  synbol s used for
reference signal (RS) transmssion for detecting coherent
detection of the PUCCH but except for the Ilast SC FDVA
synmbol in a subframe in which a sounding reference signal
(SRS) is configured)

The PUCCH may be defined by seven sorts of different

formats depending on the control information, a nodul ation
t echni que, a quantity of the control i nformati on, etc.
which is transmtted, and the property of uplink control

information - (UCl) transmitted according to each of the

PUCCH formats may be summarized as Table 1 bel ow

[ Tabl e 3]
- PUCCH Format -| -- - - Uplink Control Information (UCI)"
Scheduling Request (SR) (unmodulated
Format 1
waveform)
Format la 1-bit HARQ ACK/NACK with/without SR
Format 1b 2-bit HARQ ACK/NACK with/without SR
Format 2 CQI (20 coded bits)
CQT and 1- or 2-bit HARQ ACK/NACK (20 bits)
Format 2

for extended CP only

CQI and 1-bit HARQ ACK/NACK (20+1 coded
Format 2a

bits)

CQI and 2-bit HARQ ACK/NACK (20+2 coded
Format 2b

bits)
Format 3 HARQ ACK/NACK, SR, CSI (48 coded bits)

Referring to Table 3, PUCCH format 1 is used for a
single transmssion of a scheduling request (SR . Wave
fornms which are not nodulated are applied to the single

transmssion of SR and this wll be described below in
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det ai |

PUCCH format la or |Ib is used for transnmitting HARQ
acknow edgenent / non- acknow edgenent (ACK/ NACK) . wWhen the
HARQ ACK/ NACK is solely transmtted in- an arbitrary
subframe, PUCCH format l|a or Ib nmay be used. O, the HARQ
ACK/NACK and the SR may be transnitted in a sanme subfrane
by using PUCCH format |a or Ib.

PUCCH format 2 is used for transmtting the CQ, and
PUCCH format 2a or 2b is used for transmtting the CQ and
t he HARQ ACK/ NACK. In case of an extended CP, PUCCH format
2 may also be used for transnitting the CQ and the HARQ
ACK/ NACK.

PUCCH format 3 is used for carrying an encoded UCH of
48 bits. PUCCH format 3 may carry the HARQ ACK/NACK for a
plurality of serving cells, the SR (if existed) and the CSl
report for a serving cell.

FIG 9 illustrates an exanple of a formation that

-PUCCH formats are nmapped to the PUCCH-regions ~of the UL -~

physi cal resource blocks in the wreless comunication
system to which the present application can be applied.

' A PUCCH for a UE is allocated to an RB pair in a
subfrane . The RBs beI‘__Qvngi ng to the RB pair occupy
different subcarriers in each of a first slot and a second
slot. A frequency occupied by RBs belonged in the RB pair
allocated to the PUCCH is changed based on a slot boundary.
This is expressed that the RB pair allocated to the PUCCH
is frequency-hopped in the slot boundary. A UE transmts
UL control i nformation t hr ough di fferent subcarriers

according to time, thereby obtaining a frequency diversity

gai n.
NUL
In FIG 9, RB represents the nunber of resource
. NU o )
block in UL, and o, 1, .., e -1 signifies gi'ven nunber of

the physi cal resource bl ock. Basi cal |y, the PUCCH is
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mapped to both edges of the UL frequency blocks. As shown
in FIG 9, PUCCH formats 2/2a/2b are napped to the
respective PUCCH regions marked by m=0 and 1, and this may
be represented as PUCCH formats 2/2a/2b are napped to the
5 resource blocks located at band edges. In addition, PUCCH
formats 2/2a/2b and PUCCH formats |/la/lb are mxedly
mapped to the PUCCH region mnmarked by me2. Next, PUCCH
formats 1/la/lb may be mapped to the PUCCH regions marked

by m3, 4 and 5. The nunber N3 of PUCCH RBs usable by
10 PUCCH formats 2/2a/2b may be indicated by the UEs within a
cell by broadcasting signaling.
Table 4 represents nodulation schenes accordi ng' to
the PUCCH format and nunber of bits per subframe. In Table
4, PUCCH formats 2a and 2b correspond to the case of nornal
15 cyclic shift.

[ Tabl e 4]
Modulation Number of bits per
PUCCH format | ' T
scheme subframe, Mo
1 N/A N/A
la BPSK 1
1b QPSK 2
2 QPSK . 20
2a QPSK+BPSK 21
2b QPSK+QPSK 22
3 QPSK 48

Table 5 represents the nunber of synmbols of PUCCH

denodul ation reference signal per slot according to the

PUCCH f ormat .
20 [ Table 5]
PUCCH f or mat Normal cyclic Ext ended cyclic
prefix prefix
1, la, Ib 3 2
2, 3 2 1
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2a, 2b 2 N A

Table 6 represents SC FDVMA synbol |ocation of the
PUCCH denodul ation reference signal according to the PUCH

format . In Table 6, ! representsv a synbol index.
[ Tabl e 6]
Set of values for !
PUCCH format Normal cyclic Extended cyclic
prefix prefix
1, 1la, 1b 2, 3, 4 2, 3
2, 3 : i, 5 =~ 3
2a, 2b i, 5 N/A

Her ei naft er, PUCCH formats 2/2a/2b will be described.

PUCCH formats 2/2a/2b are used for CQIr feedback (or
ACK/ NACK transmi ssion together with the CQ feedback) for
DL transni ssion. In order for the CQ to be transmitted
with the ACK/NACK may be transmtted with being enbedded in
the CQ RS (in case of a normal CP) , or transmitted wth
7the”CrQ7and the ACK/NACK being joint coded (in case of an
ext ended CP)

FIG 10 shows a structure of CQ channel in case of a
normal CP in the wireless conmunication system to which the
present invention can be applied.

Among SC-FDMA  synbols o to 6 in a slot, SC FDVA
synbols 1 to 5 (a second and a sixth synbols) are used for
transmtting denodulation reference signal (DWVRS) , and the
CQ information may be transmtted in the remai nder SC-FDVA
synbol s. Meanwhi | e, in case of the extended CP one SC
FDVA synbol (SC-FDVA synbol 3) is used for transmtting the
DVRS.

In PUCCH formats 2/2a/2b, the nodulation by the CAZAC
sequence is supported, and the Q@QPSK nodulated synbol is
multiplied by the CAZAC sequence of length 12, The (;yclic

shift (cs) of sequence nmay be changed between synbols and



WO 2016/010227 PCT/KR2015/002280
33

slots. An orthogonal <covering is used for the DVRS.

In two SC-FDVA synbols which are three SC FDVA synbol
intervals from seven SC-FDMA synbols included in a slot,
the reference si gnal ( DVRS) is carried, and in the
remainder five SC-FDMA synbols, the CQ information is
carried. In order to support a high speed UE, two RSs are
used in a slot. In addition, the respective UEs are
di stinguished by using the cyclic shift (cs) séquence. The
60 i nformati on synbol s are transmtted with bei ng
nodul ated to whole SC FDMA synbol, and the SC FDVA synbol
i ncl udes one sequence. That is, the UE transnits the CQ
with being nodulated to each sequence. ‘
| The nunber of synbols which may be transmitted to one
TTlI is 10, and the nodulation of the CQ information s
al so defined to the QPSK Fr ont five synbols are
transmitted in a first slot, and the remainder five synbols
are transmitted in a second slot. Since the CQ value of 2
_bits may be carried .in- case-of using -the QPSK mapping for
the SC-FDVA synbol, the CQ value of 10 bits nay be carried
in one slot. Accordingly, the CQ value of maxinmum 20 bits
may be carried in one subfrane. In order to spread the CQ
i nformation in a frequency domain, a frequency domain
spread code is used.

As the frequency donain spread code, the CAZAC
sequence of length 12 (e.g., ZC sequence) nay be used.
Each control channel my be di stinguished by applying the
CAZAC sequence that has different cyclic shift val ues. An
inverse fast Fourier transform is perforned for the CAQ
information which is spread in the frequency domain.

By the cyclic shifts that have twelve equi vél ent
i nterval s, twel ve di fferent UEs may be orthogonally
mul tiplexed on the sane PUCCH RB. In case of a normal CP,
the DVRS sequence on SC-FDMA synbol 1 and 5 (on SC- FDVA

synmbol 3 in case of an extended CP) is simlar to the CQ
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signal sequence on the frequency domain, but the nodul ation
simlar to that of the CQ information is not applied.

A UE may be senmi-statically configured to report
different CQ, PMI and Rl types periodically on the PUCCH

- _ 1y
resources indicated by the PUCCH resource indexes "éupc)m,

2.5 (3.5

“puccH , "pucch by a higher layer signaling. Herein, the PUCCH

. {xP) . . . . .
resource index “puicch 1g information that indicates the

PUCCH region wused for transmitting PUCCH formats 2/2al/2b
and cyclic shift (cs) to be used.
Tabl e 7 represents an orthogonal sequence (OO

—(5) -~ —(3 ccy -1 )
Fow w" Wre™ 5 . r Rg in PUCCH formats 2/2al2b/3.

[ Table 7]

Normal cyclic prefix Extended cyclic prefix

[t 1] 1]

Next, PUCCH formats 1/la/lb wll be described below.

) i AFﬁIG 11 shows a structure of ACK/NACK in case of a
normal CP in the wireless communication system to which the
present invention can be applied.

A confirmation response information (in a state of
not scranbled) of 1 bit or 2 bits may be represented as a
HARQ ACK/ NACK nodulation synbol wusing the BPSK and QPSK
nodul ati on t echni ques, respectively. An affirmative
confirmation response (ACK) may be encoded as ‘'1', and a
negative confirmation response (NACK) may be encoded as '0'.

Wen transmitting a control signal in an allocated
bandwi dt‘h, two di nensi onal spread is applied in order to
increase a nultiplexing capacity. That is, a spread in
frequency domai n and a spread in tine domai n are
simul taneously applied in order to increase the nunber of
UE or the nunber of control channel that can be multipl exed.

In order to spread an ACK/NACK signal in frequency

domain, a frequency domain sequence is used as a basic
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sequence. As the frequency domain sequence, Zadoff-Chu (z0Q
sequence whi ch is one of const ant anpl i tude zero
autocorrelation waveform sequences may be used.

That is, in PUCCH format la/lb, the synbol nodulated
using the BPSK or the QPSK nodulation scheme is nultiplied
by the CAZAC sequence (e.g., the ZC sequence) of length 12
For exanple, the result of the CAZAC sequence r(n) (n=0, 1,
2, ., NI1) of length N nodulated to nodulation synbol d(0)
is y(0), y(l), y(2), ., Y(NI). The synbols y(0) , y(l),
y(2) , .., Y(NI) may be referred to as block of synbols.

Like this, different cyclic shifts (cs) are applied
to the Zadoff Chu (z0Q sequence which is a basic sequence,
and multipl exing of different UEs or . different control
channels may be applied. The nunber of CS resources

supported by SC-FDMA synbol which is for PUCCH RBs in the
HARQ ACK/ NACK transni ssion is setup by a cell-specific

* PUCCH
hi gher layer signaling parameter (“wn ).

After  multiplying
nodul ati on syrrbol , t he bl ock-wi se spread usi ng an
ort hogonal sequence is applied. That is, the ACK/ NACK
signal spread in a frequency domain is spread in a tine
domain by using an orthogonal spreading code. As for the
orthogonal spreading code (or the orthogonal cover sequence
or an orthogonal cover code (ocC) ), a Walsh- Hadamard
sequence or a Discrete Fourier Transform (DFT) sequence nay
be used. For exanple, the ACK/NACK signal may be spread by
using the orthogonal sequence (wO w, w2, w3) of length 4
for four synbols. In addition, an RS is also spread
through the orthogonal sequence of length 3 or length 2.
This is referred to as an orthogonal covering (00 .

As for t he CDM  of ACK/ NACK i nformation or
denodul ation reference signal, an orthogonal covering such
as a Walsh code, a DFT matrix, etc. nay be used.

The DFT matrix is conprised of square natrixes, and

the CAZAC sequence to the
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constructed as a size of Nx N (N is a natural nunber) .

The DFT matrix may be defined as Equation 1.
[Equation 1]

ik
| w’
W=|—|
“N 5k=0..,N-1
5 Also, the DFT matrix nmay be represented as a matrix

of Equation 2 below which is equivalent to Equation 1.
[ Equation 2]

1 1 1 1 o 1]
1 w w2 w3 V-1
1 11 w? ot ()0 . (2N =1
W = =~ 1 P s w? L WAV ,
1 wr\; 1 wg(}f\rw 1} wg(N -1} o w(N”(N ..... 1)
—2wi
10 In Equation 2, W=¢€ ~ signifies a primtive Nh

- root of unity. S

The DFT matrix of 2 points, 4 points and 8 points
~correspond to Equations 3, 4 and 5 bel ow.
[ Equation 3]

. ik Al

[ Equation 4]

1 1 1 1
PR T [ R R
W=7l 11

1 2 ~1 -

[ Equation 5]
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w? oWt wY
w2 W7
Wt Wl wid
1 o® o? Wb W2
W = —E MO wri wS wz&
5 35
L wl? 5
G T Wit %

In case of a normal CP, in SC-FDMA synbols that are
series of 3 nmiddle parts out of 7 SCFDVA synbols included
in a slot, the reference signal (RS) is carried, and in the

5 rest 4 SC-FDVA synbols, the ACK/NACK signal is carried.
Meanwhile, in case of an extended CP, the RS may be carried
in two consecutive synbols of the nmiddle parts. The nunber
and l|ocation of synbols wused for the RS may be changed
according to a control channel, and the nunber and |ocation

10 of synbols wused for the ACK/NACK signal related may be

~changed according to the control channel as well.

For normal ACK/ NACK information, the V\alsh Hadarrard
sequence having length 4 is wused, and for shortened
ACK/NACK information and the reference signal, ‘a DFT of

15 length 3 is used.

For the reference signal of an extended CP case, the

Wal sh- Hadamard sequence having length 2 is used.

Table 8 represents an orthogonal sequence of length 4

PUCCH
[W(O) . w(Ngp 1)] for puccy format la/lb.

20 [Table s8]
Sequence index oUce
by - wwgree -y
nP(n,) Orthogonal sequences
0 S I S S S
1 [+1 -1 +1 —1]
2 [+1 -1 -1 4]

Table 9 represents an orthogonal sequence of length 3
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PUCCH format la/ lb..

Sequence index

0 PUCCH _
) Orthogonal sequences h() W(Nsr b
nOC (ns)
0 11
1 [1 eI, ,-4”/3]
2 [] ejd;r/S ej27r/3 ]

Tabl e 10 represents an  orthogonal sequence
7P g ... WP (NEJooH , f t I/lallb
#0) W (VRs D] for the RS in PUCCH orma artb.

—) Normal cyclic Extended cyclic
Sequence index "o (’s) . .
prefix prefix
0 11 1] [
1 [1 JELTE ej47r/3] -1
2 [1 GJAAl3 23 ] N/A
As described above, by using the CS resource in the

frequency domain
nuner ous
mul ti pl exi ng
i nformation

nmul ti pl exed

i

UEs may

(CDVM
and the RS of a great

and the OC resource in the tinme domin,
be nmultiplexed in a code division
met hod. That is, t he ACK/ NACK

nunber of UEs nmay be

.on. the sanme PUCCH RB.

For the tinme domain spreading CDM Ilike this, the
nunber of extended codes that are supported for the
ACK/I NACK information is limted by the nunber of RS synbols.
That is, since nunber of SC-FDVA synbols in the RS
transmssion is less than the nunber of SC-FDMA symbols in

the ACK/ NACK
capacity of

ACK/ NACK

For exanpl e,

i nformati on

an extended CP,

i nformati on

RS is smaller

may be transmtted

t hree orthogonal

transm ssion, the nultiplexing

than the multiplexing capacity of

i nf or mati on.

in case of a normal CP, the ACK/ NACK

in four symbols . In case of

spreadi ng codes, not four,
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may be used. This is because the nunber of RS transm ssion
synbols is limted to three, and three orthogonal spreading
codes only may be used for the RS.

In case that three synbols in one slot are used for
the RS transm ssion and four synbols are wused for the
ACK/ NACK information transm ssion in the subfrane of a
normal CP, for exanple, iif six cyclic shifts (CSs) can be-
used in the frequency domain and three orthogonal covering
(o0) resources can be used in the tinme domain, the HARQ
confirmation response from total 18 different UEs nmay be
multiplexed in one PUCCH RB. If two synbols in one slot of
a subfrane  of vthe extended CP are wused for the RS
transmssion and four synbols are wused for the ACK/ NACK
information transm ssion, for example, if six cyclic shifts
(CSs) can be used in the frequency domain and two
orthogonal covering (0C) resources can be used in the tine

donai n, the HARQ confirmation response from total 12

-different UEs may be nultiplexed -in the PUCCH RB. - -

Subsequent | y, PUCCH format 1 will be described. The
schedul e request (SR is transmitted in a way of a UE being
requested to be scheduled or a way of not being requested.
The SR channel reuses the ACK/NACK channel structure in
PUCCH format la/lb, and is configured in on-off Kkeying (OX)
net hod based on an ACK/ NACK channel design. In the SR the
reference signal is not transmitted. Accordi hgly, in the
normal CP, the sequence of length 7 is used, and in the
extended CP, the sequence of length 6 is used. For the SR
and the ACK/ NACK, different cyclic shifts or orthogonal
covers may be all ocated.

FIG 12 illustrates a nethod .for mul tiplexing the
ACK/NACK and the SR in the wireless conmunication system to
which the present invention can be applied.

The structure of SR PUCCH format 1 is identical to
the structure of ACK/NACK PUCCH format la/lb illustrated in
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FIG 12.

The SR 'i.s transmtted by using the on-off keying (KOO
nmet hod. Particul arly, the UE transnmits the SR having a
nodul ation synbol d(0) =1 to request the PUSCH resource (a
positive SR), and in case of not requesting the scheduling
(a negative SR, nothing is transm’tted.‘ As the PUCCH
structure for the ACK/NACK is reused for the SR different
PUCCH resource index (that is, a conbination of different
CS and orthogonal code) within a sane PUCCH region may be
allocated to the SR (PUCCH format 1) or to the HARQ
ACK/ NACK  (PUCCH format lal/lb) . The PUCCH resource index
that is going to be used by the UE for the SR transmi ssi on
may be set by the UE-specific higher |layer signaling.

In case that the UE is required to transmt the
positive SR in the subframe in which the CQ transm ssion
is schedul ed, ca is dropped and the SR only my be

transmtted. Simlarly, if a case is occurred that the SR

“and the SRS should be transmtted at the sane tine, the UE

drops the CQ rather may transmt the SR only.

In case that the SR and the ACK/NACK are occurred in
the same subframe, the UE transmits the ACK/NACK on the SR
PUCCH resource that is allocated for the positive SR In
the nmeantine, in case of the negative SR the UE transmts

the ACK/INACK on the allocated ACK/ NACK resource.

FI G 12 illustrates a property mappi ng for the
~ sinultaneous transnmission of the ACK/NACK and the SR In
particul ar, it illustrates that the NACK (or, in case of 2

MI MO codewords, NACK, NACK) is nodulated to map to +1.
Accordi ngly, it is processed as NACK when a discontinuous
transm ssion (DTX) is occurred.

For the SR and persistent scheduling, the ACK/ NACK
resource consisting of a CS, an OC, and a physical resource
block (PRB) may be allocated to the UE through the radio

resource control (RRO) . Meanwhi | e, for the dynamc
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ACK/ NACK  transm ssion and non-persi stent schedul i ng, t he
ACK/ NACK resource may be allocated to the UE inplicitly
through the lowest CCE index of the PDCCH corresponding to
t he PDSCH.

5 In case of requiring resour ces for the UL data
transm ssi on, the UE may transmt the SR That is, the SR
transm ssion is triggered by an event.

The SR PUCCH resource is configured by a higher |ayer
signaling except a case that the SR is transmtted wth the
10 HARQ ACK/NACK by wusing PUCCH format 3. That is, it i
configured by a SchedulingRequestConf ig information elenent
that is transmitted through the radio resource control (RRQ
nmessage (for exanpl e, RRC connecti on reconfiguration
nmessage)
15 Tabl e 11 exenplifies the Schedul i ngRequest Conf ig
informati on el enent.
[ Tabl e 11]
~~—-----F---ASN1START - - - - - -
Schedul i ngRequest Conf ig ::= CHO CE {
rel ease NULL,
set up SEQUENCE {
sr - PUCCH- Resour cel ndex I NTEGER (0..2047),
sr- Conf i gl ndex | NTEGER (0. .157) ,
dsr - Tr ansMax ENUVERATED  {
n4, ns, nl 6, n32, né4,
spare3 , spare2 , sparel}
}
}
Schedul i ngRequest Conf ig-vli 020 = SEQUENCE {
sr- PUCCH - Resourcel ndexPl - rl1 O | NTEGER (0..2047)
OPTIl ONAL Need OR
}
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- - ASNLSTCP

Table 12 represents a field that is included in the
Schedul i ngRequest Conf ig information el enent.

[ Tabl e 12]

Schedul i ngRequest Conf ig field descriptions

dsr - Tr ansMax
Paraneter for the SR transni ssion. Value n4 represents 4
transm ssi ons, value n8 represents 8 transm ssions, and

the rest is the sane as above.

sr-Confi gl ndex

Par ameter ( L ). Values 156 and 157 are not applied to
rel ease 8.
sr- PUCCH Resour cel ndex, sr-PUCCH Resour cel ndexPl

(Lp) i
Par anet er* "PuUccHRI ) for the respective antenna port PO and
Pl . E-UTRAN is configured the sr-PUCCH Resourcel ndexPl

only in-case -that -the- sr- PUCCHResourcelndex s set.- - - - -}

Ref erring to Table 12, the UE receives sr-PUCCH

Resour cel ndex par amet er and sr-Conf i gl ndex par anet er

(ISR)indicating the SR configuration index through the RRC
message for the SR transm ssion. By the sr-Conf iglndex

SR

par anet er, periopiciTy i ndicating the periodicity when the SR

is transmitted and NOFSELSR | ndicati ng the subfrane where
the SR is transnmitted may be confi gured.v That is, the SR
is trénsm’tted © from a specific | subf rame t hat is

periodically repeated according to I that is given by a

hi gher | ayer. Al so, t he subframe resource and
CDM f requency division nultiplexing (FDM) resource nmy be
allocated to the resource for the SR

Table 13 represents the SR transmission periodicity
according to the SR configuring index and the SR subfranme

of f set
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[ Tabl e 13]
SR cohfiguration SR periodicity SR subframe
Index (ms) offset
I SR SRPERIODICITY N, OFFSET,SR
0 - 4 5 Iy,
5 - 14 10 - Ig-S
15 - 34 20 Iy —15
35 - 74 40 Ig =35
75 - 154 80 I 75
155 - 156 2 o I —155
157 1 I —157

Buffer Status Reporting (BSR)

FI G 13 illustrates the MAC PDU wused in the MAC
entity in the wreless conmmunication system to which the
present invention can be applied. _

~ Referring to FIG 13, the MAC PDU includes a MAC
header, at least one MAC service data unit (sby)y and at
| east one control el enent additional ly may include a
paddi ng. In sonme cases, at least one of the MAC SDUs and
the MAC control elenents may not be included in the MAC PDU

As an example of FIG 13, it is comon that the MAC
control elements are |located ahead of the MAC SDUs. And
the size of MAC control elenents may be fixed or changeable.
In case that the size of MAC control elenments is changeabl e,
it my be determned through an extended bit whether the
size of MAC control elenents is extended. The size of MAC
SDU may be al so variable.

The MAC header may include at I|east one sub-header.
In this time, at |east one sub-header that is included in
the MAC header is respectively corresponding to the NAC
SbUs, the MAC control elenments and the padding, and the

order of the sub-header is sane as the arrangenent order of
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the corresponding el enents. For exanple, as an exanple of
FIG 13, if there are included MAC control element 1, MAC
control element 2, a plurality of MAC SDUs and padding in
th'e MAC PDUY, in the MAC header, the following may be
arranged in order as a sub-header corresponding to the MAC
control elenent 1, a sub-header corresponding to the MAC
control element 2, a plurality of sub-headers corresponding
to a pl urality of MAC SDUs respectively and a sub-header
corresponding to the padding.

Sub- headers included in the MAC header, as an exanple
of FI G 13, Si X header fields may be i ncl uded.
Particularly, the sub-header may include six header fields
Of RR E/LCID F/L.

For the sub- header corresponding to the very I|ast one
anong the sub-header correspondi ng to the MAC control

element of fixed size and data fields i'ncl uded in the MAC

PDU, as an exanple illustrated in FIG 13, the sub-header
.that is.included four. header -fields may .be.  used. . .In.case . -
that the sub-header includes four fields like this, the
four fields nmay be RRR'E/ LCD
FIG 14 and FIG 15 illustrate the sub-header of the

MAC PDU in the wireless comunication system to which the
present invention can be applied.

Each field is described as below with reference to
FIG 14 and FIG 15.

1) R: Reserved bit, which is not used.

2) E: Extended field, which represents whether the
el enents corresponding to the sub-header are extended. For
exanpl e, in case that E field is 'O, the elenent
corresponding to the sub-header is termnated wthout any
répeat, and in case that E field is 'l , the elenent
corresponding to the sub-header is repeated once nobre and

may be extended by twice in the |ength.

CI D: Logical channel identification field identifies
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-a logical channel corréspondi ng to the relevant MAC SDU or
identifies a type of the relevant MAC control elenent and
padding. |If the MAC SDU is associated with the sub-header,
it my show which [ogical channel the MAC SDU is

S corresponding to, and if the MAC control element is
associated with the sub-header, it may show what the MAC
control elenment is.

Table 14 represents the value of LCID for the DL-SCH

[ Tabl e 14]
Index LCID values
. 00000 CCCH
00001-01010 Identity of the logical channel
01011-11001 Reserved
11610 Long DRX Command
11011 Activation/Deactivation
11100 UE Contention Resolution Identity
11101 Timing Advance Command
S 11110 o ’ DRX Command
11111 Padding
10 Tabl e 15 represents the value of LCID for the UL-SCH
[ Tabl e 15]
Index LCID values
00000 CCCH
00001-01010 Identity of the logical channel
01011-11000 Reserved
11001 Extended Power Headroom Report
11010 Power Headroom Report
11011 C-RNTI
11100 | Truncated BSR
11101 Short BSR
11110 Long BSR
11111 Padding

In LTE/LTE-A system the UE may report the buffer

state of its own to the network by configuring one of the
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i ndex value anmpbng truncated BSR, short BSR, and long BSR in
the LCID field.

The relationship of mapping between the index and the

LCID value illustrated in Table 14 and Table 15 s
exemplified for the convenience of the descriptions, but
the present invention is not limted thereto.

4y F: Format field, which represents the size of L
field.

5) L: Length field, which represents the size of MAC
SDU and MAC control elenent corresponding to the sub-header.
If the size of MAC SDU or MAC control element corresponding
to the sub-header is equal to or less than 127 bits, the 7-
bit L field is used (FIG 14 (a)), otherwise, the 15-bit L
field nmay be used (FIG 14 (b)). |In case that the size of
MAC control elenent is changeable, the size of MAC control
element may be defined by the L field. In case that the

size of MAC control el enent is fixed, the size of MAC

-control - elenent nmay be determned. without the. size of MAC

control elenent being defined by the L field, accordingly

the Fand L field my be omtted as showmn in FIG 15.

FI G 16 illustrates formats of the MAC control
el enent s in order to report the buffer state in the
Wi rel ess conmmuni cati on system to which t he pr esent

i nvention can be applied.

In case of the truncated BSR and short BSR being
defined in the LCID field of sub-header, the MAC control
el enment corresponding to the sub-header, as shown in FIG
16 (a) , may be configured to include one |logical channel
group identification (LCG 1D field and one buffer size
field indicating the buffer state of the LCG The LCG ID
field is for identifying the logical channel group that is
required to report the buffer state, which nay have the
size of 2 bits.

The buffer size field is used for identifying the
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t ot al anount of available data from the all | ogi cal
channels that are included in the LCG The available data
includes all the data that are going to be transmtted from
the RLC layer and the PDCP layer, and the anobunt of data is
represented in byte. In this tine, the size of RLC header
and MAC header may be excluded when calculating the anount
of data. The buffer size field my be 6 bits.

In case of the extended BSR being defined in the LCID
field of sub-header, the MAC control elenment corresponding
to the sub-header, as shown in FIG 16 (b) , may include
four buffer size fields indicating the buffer state of four
groups having O to 3 LCG IDs. Each of the buffer size
fields may be wused for identifying the total anount of

available data from different |[|ogical channel groups.

Carrier Aggregation

A comuni cati on envi r onnent consi der ed in the
enbodi ments of the present .invention includes all nulti-_
carrier environments. That is, a multi-carrier system or a
carrier aggregati on (cA system wused in the present
invention refers to a system for aggregating and utilizing
one or nore conponent carriers having a bandwidth smaller
than a target bandwi dth, for w deband support.

In the present invention, nulti-carrier refers to
carrier aggregati on. Carrier aggregation i ncl udes

aggregation of contiguous carriers and aggregation of non-

contiguous carriers. In addition, the nunber of conponent
carriers aggr egat ed in downlink and uplink may  be
differently set. The case where the nunber and/ or

bandwi dth of downlink conponent carriers (DL CCs) and the
-nunber and bandwi dth of uplink conponent <carriers (UL CCs)
are the sane is referred to as symetric aggregation and
the case where the nunber and/ or bandwidth of downlink

conponent carriers (DL CCs) and the nunber and bandw dth of
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uplink conponent carriers (UL CCs) are different is
asymetric aggregation. -~ Such carrier aggregation is used
i nt erchangeabl e with the ternms “"carrier aggregation" ,

"bandwi dt h aggregation" or "spectrum aggregation”

Carrier aggregation configured by aggregating two or
nore CCs ainms at support a bandwidth of up to 100 MHz in an
LTE-A system Wien one or nore carriers having a bandw dth
snal | er than a target bandwi dth are aggregat ed, t he
bandwi dth of the aggregated carriers may be restricted to a
bandwi dt h used in the existing system for backward
conpatibility wth the existing |M system For exanple,
the existing 3GPP LTE system nay support bandwi dths of 1.4,
3, 5, 10, 15 and 20 MHz and an LTE Advanced (LTE_A) system
evolved from the LTE system nay support a bandwidth greater
than 20 MHz using only the bandwi dths supported by the LTE
system Al ternat ively, the carrier aggregation system used

in the present invention nay define a new bandwidth so as

to support _CA regardless of the bandwidths wused in the

existing system

The above -described carrier aggregation environnent
may be called a nultiple-cell envi ronnent . The cell is
defined as a conbination of downlink resources (DL CCs) and
uplink resources (UL CCs) , and the uplink resources are not
nmandat ory. Accordi ngly, the cell my be conposed of
downlink resources alone or both downlink resources and
uplink resources. If a specific UE has one configured
serving cell, the UE may have one DL CC and one UL CC.. | f
a specific UE has two or nore configured serving cells, the
UE may have DL CCs corresponding in nunber to the nunber of
cells and the nunmber of UL CCs nay be equal to or less than
the nunber of DL CCs, and vice versa. If a specific UE has
a plurality of configured service cells, a carrier
aggregation environment in which the nunber of DL CCs is

greater than the nunber of UL CCs may also be supported.
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That is, carrier aggregation nmay be regarded as aggregation
of two or nore cells having different <carrier frequencies
‘(center frequencies of a cell) . |If carrier aggregation is
supported, |inkage between a carrier frequency (or a DL CC
of downlink resources and a carrier frequency (or a UL CO
of uplink resources nay be indicated by system information.

The DL CC and the UL CC may be referred to as DL cell and

UL cell, respectively. The cell described herein should be
di stinguished from a "cell" as a general region covered by
a BS.

A cell used in the LTE-A system includes a primry
cell (PCell) and a secondary cell (SCell) . The PCell and
the SCell may be used as service cells. In case of a UE

which is in an RRC connected state but does not set carrier
aggregati on or supports carrier aggregati on, only one
serving cell conposed of a PCell exists. In contrast, in
case of a UE which is in an RRC CONNE CTED state and sets
carrier ‘“aggregation, one  or nore -serving- cells exist. The
serving cell includes a PCell and one or nore SCell.

A serving cell (PCell -and SCell) my be set through
an RRC paraneter. PhyCellld is a physical layer identifier
of a cell and has an integer value from O to 503.
SCelllndex is a short identifier used to identify an SCel |
and has an integer value from 1 to 7. A value of 0 is

applied to the PCell and SCelllndex 1is previously given to

be applied to the Scell. That is, a cell having a smallest
cell | D (or a cell index) in ServCelllndex becones the
PCel I .

The PCell refers to a cell operating on a prinary
frequency (e.g., a primary CC (PCC) ). The PCell is used to

perform an initial connection establishnment process or a
connection re-establishnent process at a UE. The PCell may
indicate a cell indicated in a handover process. The PCel |

refers to a cell for perform ng control -associ at ed
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conmuni cati on anong serving cells set in a carrier
aggregation environnment. That is, a UE nmay receive a PUCCH

allocated by a PCell to which the UE belongs and perform

transm ssi on and use only the PCell to acquire system
information and change a nonitoring procedure. In evol ved
uni ver sal terrestrial radi o access (E- UTRAN) , a UE

supporting a carrier aggregation environnment may change
only the PCell for a handover procedure usi ng an
RRCConnecti onReconf iguration nessage of a higher | ayer
including mobilityControllnf o.

' The SCell refers to a cell operating on a secondary
frequency (e.g., a secondary CC (scC) ). Only one PCell may
be allocated to a specific UE and one or nore SCells nay be
allocated to the specific UE. The SCell nmay be configured

after radio resource control (RRC) connection establishnent

and may be used to provide additional radio resources. A
PUCCH is not present in cells except for the PCell anong
serving. -cells set in —a carrier. _aggregation . _environnent,
that s, the SCells. E-UTRAN nmay provide all system
information associated with the operation of an associated
cell in an RRC_CONNECTED state via a dedicated signal when
SCells are added to a UE supporting a carrier aggregation
envi ronmnent . Change of system information may be
controlled by release and addition of the SCell. At this

time, an RRCConnectionReconf iguration nessage of a higher
layer may be used. The E-UTRAN nay transnmt a dedicated
signal having a different paranmeter to each UE, rather than
broadcasting a signal in the associated SCell.

After an initial security activation process begins,

an E-UTRAN may configure a network by adding one or nore

SCells to a PCell initially . configured in a connection
est abl i shnent process. In a carrier aggregati on
envi ronment , the PCell and the SCell may operate as

respective CCs. |In the following enbodinents, a primary CC
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(PCC) may be used as the sane neaning as the PCell and a
secondary CC (SCC) may be used as the nmeaning as the SCell.

FIG 17 represents an exanple of conponent carrier
and carrier aggregati on in the wreless communi cati on
system to which the present invention can be applied.

FI G 17 (a) represents a single -carrier structure
that is used in a LTE system There are DL CC and UL CC in
conponent carrier. One conponent carrier may have 20 MHz
frequency range. ‘

FI G 17 (b) represents a carrier aggregation
structure that is used in a LTE-A system FIG 17 (b
represents a case that three component carriers having
20MHz frequency are aggregated. There are three DL CCs and
UL CCs respectively, but the nunber of DL CCs and UL CCs
are not l[imted t heret o. In case of the carrier
aggr egati on, the UE enables to nonitor three CCs at the

same tine, to receive the DL signal/data, and to transmt

~the UL -signal/data. I T T T T

If, N DL CCs are nmnaged in a specific cell, the
network may allocate M (MSN) DL CGCs. In this case, the UE
may nonitor the limted M DL CCs only and receive the DL
signal. Also, the network may give a priority to L (LSMEN)
DL CCs and have the prioritized DL CCs allocated to the UE
in this case, the UE should nonitor the DL CCs w thout fail .
This way may be applied for the UL transm ssion.

The I|inkage between the DL resource carrier frequency
(or DL cC) and the UL resource carrier frequency (or UL CO
may be instructed by a higher | ayer nessage like RRC
nmessage or system - information. For exanpl e, t he
conbi nati on of DL resource and UL resource my be
configured by the Iinkage that is defined by system
information block type 2 (SIB2) . Particularly, the I|inkage
may signify the mapping relationship between the DL CC
through which the PDCCH carrying a UL grant is transmtted
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and the UL CC that wuses the UL grant, or signify the
mapping relationship between the DL CC (or UL cC through
which the data for HARQ is transmtted and the UL CC (or DL
oo through which the HARQ ACK/NACK signal is transmitted.

Uplink resource allocation procedure

In 3GPP LTEH LTE-A system in order to nmaximze
resource utilization, the data transmssion and reception
met hod based on scheduling of an eNB is used. Thi s

signifies that if there are data to transmt by a UE the
UL resource allocation is preferentially requested to the
eNB, and the data may be transmitted using only UL
résources all ocated by the eNB.

FI G 18 illustrates a UL resource al | ocati on
procedure of a UE in the wireless comrmunication system to
which the present application can be applied.

For effective wutilization of the UL radio resources,

be transnitted to the UL for each UE.  Accordi ngly, the UE
itself may forward the information of UL data to transmt,
and the eNB may all ocate the UL resources to the
correspondi ng UE based on this. In this case, t he
informat_i on of the UL data that the UE forwards to the eNB
is the quality of . UL data stored in its buffer, and this is
referred to as a buffer status report (BSR . The BSR is
transmtted wusing a MAC control elenent in case that the
resources on the PUSCH in current TTlI are allocated to the
UE and the reporting event is triggered.

FI G 18(a) exenplifies a UL resource al | ocation
procedur e for actual data in <case that the UL radio
resources for the buffer status reporting (BSR) are not
allocated to a UE. That is, for a UE that switches a state
of active nobde in the DRX node, since there is no data

resource allocated bef or ehand, the resource for UL data

an eNB should know which sorts and what amunt of data to
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should be requested starting from the SR transm ssion
through the PUCCH, in this case, the UL resource allocation
procedure of 5 steps is used.

Referring to FIG 18(a), the <case that the PUSCH
resource for transmitting the BSR is not allocated to a UE
is illustrated, and the UE transnmits the scheduling request
(SRR to an eNB first in order to be allocated wth the
PUSCH resources (step, $S1801)

The scheduling request (SR is used to request in
order for the UE to be allocated with the PUSCH resource
for UL transmission in case that the reporting event is
occurred but ‘the radio resource is not scheduled on the
PUSCH in current TTI . That is, the UE transmits the SR on
the PUCCH when the regular BSR is triggered but does not
have the UL radio resource for transnmitting the BSR to the
eNB. The UE transmts the SR through the PUCCH or starts
the random access procedure according to whether the PUCCH
~resources - for the SR are configured. -~ In particular, the
PUCCH resources in which the SR can be transmtted nay be
determined as a conbination of the PRB through which the SR
is transmtted, the cyclic shift (cs)y applied to a basic
sequence (e.g., ZC sequence) for spread in frequency donmain
of the SR and an orthogonal code (oc) for spread in tine
domain of the SR Additionally, the SR periodicity and the
SR subframe offset information may be included. The PUCCH
resources through which the SR can be transmitted nay be
configured by a higher layer (e.g., the RRC layer) in UE-
specific manner. '

Wen a UE receives the UL grant for the PUSCH
resources for BSR transnmission from an eNB (step, S1803) ,
the UE transmits the triggered BSR through the PUSCH
resources which are allocated by the UL grant (step, $1805) .

The eNB verifies the quality of data that the UE

actually transnmit to the UL through the BSR, and transnits
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the UL grant for the PUSCH resources for actual data
transmssion to the UE (step, S1807) . The UE that receives
the UL grant for actual data transmission transmits the
actual UL data to the eNB through the PUSCH resources (step,
S1809)

FIG 18(b) exenplifies the UL resource allocation
procedure for actual data in case that the UL radio
resources for the BSR are allocated to a UE

Referring to FIG 18(b), the <case that the PUSCH

resources for BRS transmission are already allocated to a

UE is illustrated. In the case, the UE transmts the BSR
through the allocated PUSCH resources, and transmts a
scheduling request to an eNB (step, S1811) . Subsequently,

the eNB verifies the quality of data to be transmitted to
the UL by the UE through the BSR, and transmts the UL
grant for the PUSCH resources for actual data transm ssion
to the UE (step, $S1813) . The UE that receives the UL grant
for . actual data transmission .transmits- the actual UL data
to the eNB through the allocated PUSCH resources (step,
S1815)

FIG 19 is a diagram for describing a latency in C-
plane required in 3GPP LTE-A to which the present invention
can be applied. |

Referring to FIG 19, 3GPP  LTE-A requests a
transition tinme from an idle node (a state that |P address
is allocated) to a connected nmode to be less than 50 ms.
In this time, the transition tine includes a configuration
time (except latency for transmitting SI) in a user plane
(Uplan'e) . In addition, a transition tinme from a dormant
state to an active state in the connection node is
requested to be less than 10 ne.

The transition from the do‘lrrrant state to the active
state may occur in 4 scenarios a; fol | ows.

- Uplink initiated transition, synchronized
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- Uplink initiated transition, unsynchronized

- Downlink initiated transition, synchronized

- Downlink initiated transition, unsynchronized

FIG 20 is a diagram for describing a transition tine
from the dormant state to the active state for a
synchroni zed UE required in 3GPP LTE-A to which the present
invention can be applied.

In FIG 20, the UL resource allocation procedure of 3
steps (in case of UL radio resources for the BSR are
allocated) described in FIG 18 above is illustrated. In
LTE-A system the latency is required for UL resource
allocation as represented in Table 11 bel ow

Table 16 represents a transition time from the
dor mant state to the active state initiated by a UL
transm ssion, in case of a synchronized UE which is
required in LTE-A system

[ Tabl e 16]

| Component : : - Description-. . . .. . | Time [mg] |

1 Average delay to next SR opportunity| 0.5/2.5
| (lms/5ms PUCCH cycle)

2 UE sends Scheduling Request 1

3 eNB decodes Scheduling Request and 3

generates the Scheduling Grant

4 Transmission of Scheduling Grant 1

5 UE Processing Delay (decoding of 3

scheduling grant + L1 encoding of UL

data)
6 Transmission of UL data 1
Total delay 9.5/11.5

Referring to FIG 20 and Table 16, as an average
delay due to a RACH scheduling section that has a RACH
cyclbe of 1 ms/5 nms, 0.5 nme/2.5 ms is required, and 1 ms is
required for a UE to transmit the SR And 3 ms is required

for an eNB to decode the SR and generate the scheduling
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grant, and 1 ms is required to transmt the scheduling
grant. And 3 ms is required for a UE to decode the
scheduling grant and encode the UL data in L2 layer, and 1
ms is required to transmit the UL data.

As such, total 9.5/15.5 ms are required for a UE to
complete a procedure of transmitting the UL data.

Accor di ngly, due to system characteristics of
transmtting data based on scheduling by an eNB, t he
problem of . increasing the Jlatency even in case of
transmtting UL data of a UE

Particularly, in case of an intermttent application
(e.g., a health care, a traffic safety, etc.) or an
application in which fast transmssion is required, such a
data transm ssion nethod is not proper since it causes the

| atency inevitably.

Method for requesting scheduling using a multiple

- schedul i ng request ~confiquration-

In order to perform a HARQ operation in a receiving
end, it is required to store data that are still not
successfully decoded yet, and the storage for this is
referred to as a soft buffer. That is, the soft buffer
signifies a space in which the soft value is stored in the
receiving end before performng a channel decoding for the
data transmitted from a transm ssion end. The soft buffer
is controlled for each transmission block (TB) (or a HARQ
process)

In LTE/LTE-A system in case of DL, a nenory size of
the soft buffer within a UE is determ ned according to a UE
cat egory. The UE reports its category information and the
like to a network, and determines a size of the soft buffer
for each transm ssion block by considering a UE capacity.

Wien transmitting DL data, an eNB does not notify a

size of DL data to the UE. Instead, the eNB notifies only
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the information such as rank information, number of stream
etc. For exanple, when the eNB transmits the DL data wth
four streanms the UE logically divides the soft buffer into
identical four sections, and stores them in the soft buffer
for each stream

On the other hand, in case of UL, an eNB configures
the menory of soft buffer wusing the BSR information
received from a UE That is, the eNB is required to know
the BSR information in order to configure a size of the
soft buffer.

FIG 21 is a diagram for describing the soft buffer
in the wireless comunication system to which the present
invention can be applied.

LTE/ LTE-A physi cal | ayers are interfaced wusing the
MAC | ayer and the transport channel which are higher Iayers.
In order to detect error within the transport block which
is encoded in the receiving end, a cyclic redundancy check
'isfattaéhed to the transport- block transmtted from the MAC
layer, and the transport block is divided by a code block
in order to be fit to a code block size defined in a turbo
code .

An additional CRC is attached to each code block, and
the code block is inputted in a turbo encoder and to which
a turbo encoding whose coding rate is 1/3 is applied. The
code bl ock is outputted from the turbo encoder as
systematic bits, first parity bits and second parity bits.

Each of the systematic bits, the first parity bits
and the second parity bits are interleaved through a
subbl ock interl eaver. The interleaved bits are stored in a
virtual circular buffer.

FIG 21(a) illustrates a code block stored in the

virtual circular buffer.
In FIG 21, vl((o) (k = o..., KH_I) represents interleaved

systematic bits sequence, each of vl((l) (k = o.., Kn-l) and
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(2) _ Kg 1 . . .
vl (k= 0., -1) represent interleaved parity bit
sequences .
As shown in FIG 21(a), the systematic bits are

firstly stored in the virtual cyclic buffer, and the first
parity bits and the second parity bits are alternately
stored by one by one bit. The length of virtual cyclic

buffer equals to K, =3Kq

Since a receiving side (i.e., an eNB that receives UL
or a UE that receives DL) is required to store the data not
successfully decoded yet in order to perform the HARQ
process, for this, the receiving side should setup a soft
buffer. ‘ _

In case of the DL-SCH and the PCH transm ssion
channel, a size Ng of the soft buffer for each code bl ock
is determined as Equation 6 bel ow

[Equat‘i on 6]

vl Sl

In Equation 6, C represents the nunber of code bl ocks.
Nig represents the size of soft buffer for transm ssion
bl ock.

The soft buffer size N for transmssion block is
defined as Equation 7 bel ow

[ Equation 7]

N soft

Ke - Kyvivo -mln(M oL_HARQ > M jimit )

N[R

In Equation 7, floor (x) is a function that represents
the biggest integer anong integers that are the sane or
smaller than x, and min(x, y) is a function that represents
a smaller value between x and y. Ngft is a total nunber of
soft channel bits. Nyg 1is determined according to UE
category. Kwmg is & value determned according to use of

spatial nultiplex. My.,j, is a constant value, and is 8.
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On the other hand, in case of the UL-SCH and the MCH
transm ssion channel, a size Ny of soft buffer for each
code block is determned as Equation 8 bel ow.

[ Equation s8]

Nchb=Kw

In case of UL of Equation 8, an eNB configures the
soft buffer in three fold size of UL data based on the BSR
for each UE For example, when transmtting the BSR
reporting that the data to be transmtted by the UE is
10000, the eNB configures the soft buffer size in a size of
30000 (= 3*10000)

As such, in the eNB, the soft buffer is always
configured as three fold size of UL data for each UE and
this is because a nother coding rate (turbo encoding and
decoding) is 1/3. |

.FIG 21(b) is a diagram for describing a soft

In UL/DL data transm ssion and reception, errors nay
occur in the data transnitted accordi ng to channel
envi ronment, etc. As a way of error correction, the ARQ
met hod or nore inmproved form of HARQ nmethod may be used.
According to the HARQ nethod, in case that the data
received in a reception end are not properly decoded, NACK
is feedback to transm ssion end.

The reception end (i.e., an eNB or a UE) stores
previously received data (i.e., data not properly decoded)
in a soft buffer during a predetermined tinme, and soft
conmbines the data retransmitted from the transm ssion end
with the data of the sane transmission block stored in the
sof t bu_ffer and decode it. If there is no data to soft
conbi ne, the reception end performs decoding wth the
received data only.

In 3GPP LTE/LTE-A, the HARQ of increnental redundancy

(IR type is used, and a redundancy version (Rv) is changed
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for every retransnission. An initial position wthin a
buffer for retransmssion is defined by RV values (rv,,x = o,
1, 2 or 3).
As described above, in case of U, an eNB configures
a size of soft buffer (i.e., three fold of UL data reported
in the BSR) based on the BSR information received from a UE
Table 17 illustrates buffer size labels for the BSR
[ Tabl e 17]
| ndex Buffer Size (BS) Index | Buffer Size (BS) value
val ue [bytes] [ byt es]
0 BS =0 32 1132 < BS <= 1326
1 0 < BS <= 10 33 1326 < BS <= 1552
2 10 < BS <= 12 34 1552 < BS <= 1817
3 12 < BS <= 14 35 1817 < BS <= 2127
4 14 < BS <= 17 36 2127 <« BS <= 2490
5 17 < BS <= 19 37 2490 < BS <= 2915
6 19 < BS <= 22 38 2915 < BS <= 3413
7 22 < BS <= 26 39 3413 < BS <= 3995
8 26 < BS <= 31 40 3995 < BS <= 4677
9 31 < BS <= 36 41 4677 < BS <= 5476
10 36 < BS <= 42 42 5476 < BS <= 6411
11 42 < BS <= 49 43 6411 < BS <= 7505
12 49 < BS <= 57 44 7505 < BS <= 8787
13 57 < BS <= 67 45 8787 < BS <= 10287
14 67 < BS <= 78 46 10287 < BS <= 12043
15 78 < BS <= 91 47 12043 < BS <= 14099
16 91 < BS <= 107 48 14099 < BS <= 16507
17 107 < BS <= 125 49 16507 < BS <= 19325
18 125 < BS <= 146 50 19325 < BS <= 22624
19 146 < BS <= 171 51 22624 < BS <= 26487
20 171 < BS <= 200 52 26487 < BS <= 31009
21 200 < BS <= 234 53 31009 < BS <= 36304
22 234 < BS <= 274 54 36304 < BS <= 42502
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23 274 < BS <= 321 55 42502 < BS <= 49759
24 321 < BS <= 376 56 49759 < BS <= 58255
25 376 < BS <= 440 57 58255 < BS <= 68201
26 440 < BS <= 515 58 68201 < BS <= 79846
27 515 < BS <= 603 59 79846 < BS <= 93479
28 603 < BS <= 706 60 93479 < BS <= 109439
29 706 < BS <= 826 61 109439 < BS <= 128125
30 826 < BS <= 967 62 128125 < BS <= 150000
31 967 < BS <=1132 63 BS > 150000

Referring to Table 17, a UE divides the UL data size
by 64 levels, and transmts the information of the UL data
size to an eNB using the BSR of 6 bits. For exanple, in
case that the UL data size to be transmitted is 350 byte,
the UE transmits index value 24 to the eNB using the BSR of
6 bits .

If the eNB does not know the BSR information, the eNB
should configure the soft buffer size by assuming that the
UL data size is the biggest data size. As such, in case of
configuring the soft buffer size under the assunption of
the biggest data size, there is a drawback of inducing a
menory waste of the eNB.

Simlarly, if the eNB configures a soft buffer wth
an arbitrary determ nation of the data size, consequently,
a case nmay occur that the data is not witten in the soft
buffer (i.e., a case that the UL data is greater than the
soft buffer ‘size) since the eNB does not know which size of
data is transmitted from a UE Ther ef or e, if the eNB
arbitrarily configures the soft buffer as such, the channel
decoding is available in the eNB, but there is a drawback
that a data |loss occurs in the UL data. "

As such, v"'ac¢ordi ng to the convent i onal met hod, in

1#!’ : <; e e . ) .
or der fdy* the”UE%to transmit the UL data to the eNB, it is

required to transmit the BSR to the eNB, and the UE al ways

follows 5-step the UL data transmission method (or the 3-




WO 2016/010227 PCT/KR2015/002280
' ' 62

step UL data transmssion method in case that the UL
resource is pre-allocated to the BSR refer to FIG 18)
regardl ess of which application generates the UL data or
the data size.

That is, the UE transmts the information of the UL
data that is going to be sent by the UE itself to the eNB
through the BSR, and the eNB allocates the UL resource to
the corresponding UE based on the BSR information.

However, in case of performng the general 5-step UL

resource allocation procedure (or the UL data transm ssion

procedure) , it is wunavoidable of the latency to occur
according to the UL data transm ssion. Particularly, in
order to transmt the UL data that is intermttently

generated within a predetermned -size (in particular, small
size) or the UL data that is generated by an application
which is sensitive to delay, it is preferable to decrease
the |atency.

Accordingly, an _ enbodiment of the present invention
proposes a nmethod for requesting scheduling using SRs
classified into a plurality of types.

In accordance wth an enbodi ment of the present
i nvention, BSR informition may be replaced with a multiple
SR configuration (or a nultiple SR type) . That is, UE
sends an SR to an eNB through different SR resources
according to SR types. Furthernore, the eNB determ nes the
SR types based on the received SR resources and allocates

(assigns) wuplink resources to corresponding UE based on the

SR types .

In an enbodinent of the present invention, in order
to reduce del ay gener at ed when UL data t hat is
intermttently gener at ed and has a small si ze is

transmtted, a data range, that is, the subject of a
multiple SR configuration, my be configured to be only a

specific range or the range of a specific size of data in
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the entire buffer size level. Furthernore, a data region
matched with each SR type for each certain range within a
set specific range can be determ ned.

For exanple, in the exanple of Table 17, only the
index 0 to the index 11 in a buffer size level set as the
entire 64 region my be set as the region of data, that is,
the subject of a multiple SR configuration. Furt her nor e,
three regions, for exanple, the index 0 to the index 3, the
index 4 to the index 7, and the index 8 to the index 11 nay
be divided. Different SR types my be matched to the
respective three regions and configured.

Furthernore, if the size of data is 10 bytes or |less
(i.e., the size of data < 10), it may be configured as an
SRtype 1. If the size of data is nore than 10 bytes to 50
bytes or less (i.e., 10 < the size of data < 50), it may be
configured as an SR type 2. |If the size of data is nore
than 50 bytes to less than 100 bytes (i.e., 50 < the size
“of data < 100)/ it may be configured as an SR type 3.

Furthernore, the region of data, that is, the subject
of a multiple SR configuration, may correspond to an
existing entire buffer size level.

For exanple, as in the exanple of Table 17, the
buffer size level set as the entire 64 region nay beb
divided into a total of 8 regions for each 8 BSR index, and
different SR types may be matched wth the respective 8
regi ons and confi gured.

Such a configuration of the multiple SR types nay be
set in a UE-specific way or cell-specific way. That s,
the range of the entire data region, that is, the subject
of a multiple SR configuration, the range of each region
(i.e., the range of data) divided within the entire data
region, t hat is, the subject of the nmultiple SR
configuration, and the nunber of regions nay be determn ned

in a cell-specific way  or in a UE-specific way .
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Furthernmore, the configuration of the multiple SR types nay
be dynamically changed or nmay be seni-statically changed.
For exanmple, if multiple SR types are configured in a
UE- specific way, nultiple SR types respectively mapped to 4
regions, that is, the indices 0 to 3, the indices 4 to 7,
the indices 8 to 11, and the indices 12 to 15 may be
configured in UE 1. Miltiple SR types respectively  nmapped
to 3 regions, that is, the indices 0 to 4, the indices 5 to

o, and the indices 10 to 14, may be configured in UE 2.

Furthernore, in the UE 1, if the size of data is 10
byt es or less (i.e., the size of data < 10), it may be
configured as an SR type 1. |If the size of data is nore

than 10 bytes to 50 bytes or less (i.e., 10 < the size of
data < 50), it may be configured as an SR type 2. I f the

size of data is nore than 50 bytes to 100 bytes or less

(i.e., 50 < the size of data < 100), it my be configured

as an SR type 3. In the UE 2, if the size of data is 30
”bytes or I.ess, (i.e., "the "size of 'data "< 30)", it =:r.ay "be -~
configured as an SR type 1. |If the size of data is nore

than 30 bytes to 90 bytes or less (i.e., 30 < the size of
data < 90), it may be configured as an SR type 2.

In this case, the range of the aforenentioned value
(or index) is only for convenience of description, and the
present invention is not limted thereto. That is, the
range of the entire data in_vvhich nmultiple SR types are
configured (or the range of BSR indices) , the nunber of
regions divided wthin the range of corresponding data
(i.e., the nunber of multiple SR types), and the range of
data mapped to each SR type (or the range of a BSR index)
may be set in various ways.

If the nmultiple SR types are configured as described
above, UE may selectively use the SR types based on the
size of UL data to be transmtted. That is, the UE may

request resource allocation (assignment) for the UL data
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from an eNB using the type of UL data to be transmitted or
an SR type mapped to the size of the UL data.

A nethod for sending nultiple SR type configuration
information is described below

5 First, new information elenments may be newy defined
as the multiple SR configuration infornation.

That is, information for configuring the multiple SR
types nmay be defined through a multiple SR configuration by
omtting information about the transmission of a BSR for

10 each UE or for each |[ogical channel ID of UE and
additionally using the size of UL data corresponding to a
specific BSR

Furt her nor e, in current .LTE/LTE-A, UE transmts
(sends) BSR information having a length of 6 bits to an eNB

15 through a single SR configuration using RRC. As described
above, an enbodinment of the present invention may include a J
scheduling request procedure for sending BSR information of

-——--—=--6 bits-in length mﬁthin—the—nultiple SR configuration. - - - - - - -
Tabl e 18 illustrates i nformation el enent s for

20 configuring the nmultiple SR types.
[ Tabl e 18]
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-- ASN1 START
Schedul i ngRequest Conf ig ::= CHO CE {
rel ease NULL,
setup SEQUENCE {
sr O PUCCH Resour cel ndex | NTEGER (0..2047),
sr O Conf i gl ndex | NTEGER (0..157),
dsr O Tr ansVax ENUMERATED {n4, n8, n!6,
n32, ne4, ...}
srl - PUCCH Resour cel ndex | NTEGER (0 ..2047) ,
srl - Conf i gl ndex I NTEGER (0. .157) ,
dsrl - Tr ansMax ENUVERATED {n4, n8, nlé6,
n32, n64, ...}
sr 2- PUCCH Resour cel ndex | NTEGER (0. .2047) ,
sr2 - Conf i gl ndex | NTEGER (0. .157) ,
dsr 2-Tr ansMax : - ENUMERATED - {n4, n8, nle6,
n32, n64, ...}
}
}
Schedul i ngRequest Conf ig-vi020 ::= SEQUENCE ({
sr- PUCCH - Resour cel ndexPl -r 10 INTEGER (0..2047)
OPTI ONAL -- Need OR
}
ASNLSTOP
Ref erring to Table 18, a "dsr-TransMax" field, an

"sr-Conf igl ndex" field, and an "sr-PUCCH Resourcel ndex"

(and/or "sr-PUCCH Resourcel ndexPl" ) field my be defined
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according to respective SR types, such as an SR type o, an
SR type 1, and an SR type 2, ... In this Case, the SR type
0O may «correspond to an existing SR configuration for
sending a BSR of 6 bits (i.e., an UL assignnent request for
sending a BSR) ‘

The "dsr-TransMax" field is a paraneter indicative of
a maxi mum nunber of transmissions of an SR An n4 val ue
i ndicates - four transmssions, an n8 value indicates eight
transm ssions, and the rest is the sane.

The "sr-Conf iglndex" field indicates the value of an

e

SR configuration index indicative of SR periodicity

APERIODICITY and an SR subframe offset AOFFSET.SR (I’ e fer to Table
13)
The "sr- PUCCH Resourcel ndex" and. the "sr- PUCCH

Resour cel ndexPl " field indicate the respective PUCCH

. A(LP) ’ :
resource indices “pucchsi of antenna ports PO and Pi.

As descri bed abové, the PUCCH resource index "('F}[,F&H,sm ,7
the SR configuration index I.SK, and the nunmber of tinmes that
an SR is transmtted may be set for each SR type.

UE may receive information elenents for configuring
nultiple SR types from an eNB through an RRC nessage. For
example, UE nmay receive the information elenents from an
eNB through an RRC connection reconfiguration nessage or an
RRC connection setup nessage.

SR resources correspond to the logical indices of the
PUCCH formats 1/la/lb in a one-to-one way. That is, the SR
resources are assigned as in Equation 9 bel ow
[Equation 9]

wp  _ Lp)
Ppuccn = Ppucc,sri

As a result, this means that the resource assignnment
of the PUCCH formats 1 is sinply multiplexed according to

the nultiple SR configuration.
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Accordi ngly, a nethod of requesting scheduling in
accordance with an enbodiment of the pr esent i nvention

nmeans that a plurality of SR resources is assigned to UE
for each SR type and the UE sends an SR through a plurality
of PUCCH resources.

Al though not illustrated in Table 18, the multiple SR
configuration i nformation may also include information
about the size of UL data according to each SR type (e.g.,
a maxi mum supportable size of data) . For exanpl e, a
maxi mum supportable size of data according to the SR type 1
may indicate 100 bytes (i.e., the size of data < 100), and
a maxi num supportable size of data according to the SR type
2 may indicate 200 bytes (i.e., 100 < the size of data <
200)

Furt her nor e, informati on about the size of UL data
according to each SR type may be previously set and known
to both UE and an eNB.

" "SR resources according to SR types are -described -in
detail below with reference to the draw ngs. |

FI G 22 is a diagram illustrating SR resources
according to SR types in accordance with an enbodi nent of
the present invention.

As described above, in accordance wth an enbodi nent
of the present invention, a plurality of SR resources is
assigned to UE for each SR type through a nmnultiple SR
configuration. _

In this case, an SR resource configured according to
an SR type are determned by a conbination of a PRB in
which an SR is transmitted, a Cyclic Shift (cs) applied to
a base sequence (e.g., a ZC sequence) for the spreading of
an SR in a frequency domain, and Othogonal Code (0o for
the spreading of the SR in a tinme donain.

In FIG 22, it is assumed that in the same subfrane

i ndex, an SR resource 2201 according to the SR type 1 and
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an SR resource 2203 according to the SR type 2 are
configured in the same PRB.

In this case, an eNB may identify the SR resource
2201 according to the SR type 1 and the SR resource 2203
according to the SR type. 2 based on a conbination of a CS
and OC.

For exanple, a CS index 1 and an OC index 1 may be
applied to the SR resource 2201 according to the SR type 1,
whereas a CS index 2 and an OC index 3 may be applied the
SR resource 2203 according "to the SR type 2. In this case,
al though the SR type 1 and the SR type 2 are sinultaneously
transmitted in the same PRB, an eNB is able to detect each
SR by a conbination of the CS and the CC.

If it is assumed that the SR resource 2201 according

‘to the SR type 1 and the SR resource 2203 according to the

SR type 2 are configured in different PRBs in the sane
subframe index, the eNB nmay identify the SR type 1 and the
SR-type 2 based on a PRB in-which an SR is transmtted.

In addition, an SR resource configured for each SR
type may be determned based on information about an SR
periodicity and an SR subframe offset.

In FIG 22, it is assuned that the SR .periodicity of
the SR resource 2201 according to the SR type 1 is set to 4
subframes and the SR periodicity of the SR resource 2203
according to the SR type 2 is set to 2 subframes . It is
al so assuned that the SR resource 2201 according to the SR
type 1 and the SR resource 2203 according to the SR type 2
have the same subfrane offset. _

In other words, the SR resource 2201 according to the
SR type 1 may be assigned to a subframe index o, a subfrane
index 4, a subframe index 8, The SR resource 2203
according to the SR type 2 may be assigned to a subfrane
index o, a subframe index 2, a subfrane index 4, a subfrane

index 6, a subfrane index s,
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In this case,' if a subframe in which the SR resource
2201 according to the SR type 1 is transntted overlaps
with a subframe in which the SR resource 2203 accor di ng to
the SR type 2 is transmtted, thé eNB may attenpt to detect
both the SR type 1 and the SR type 2. In contrast, if a
subfrane in which the SR resource 2201 according to the SR
type 1 is transnmitted does not overlap with a subframe in
which the SR resource 2203 according to the SR type 2 is
transmitted, the eNB nay attenpt to detect any one of the
SR type 1 and the SR type 2.

FI G 23 is a diagram illustrating a nethod for
reguesti ng schedul i ng for transmtting UL dat a in
accordance with an enbodinent of the present invention.

In FIG 23, it is assuned that a plurality of SR
types has been configured as foll ows.

First, an SR type 1 (Type-1 SR may be used when UE
uses an SR procedure for common uplink data transm ssion.

Furt her nor e, an- SR--type--2- -(Type-2- SR) - -may- -be - used
when UE uses an SR procedure for sending UL data that
requires low latency, that is, UL data having a predefined
size of data Li (i.e., 100 < the size of data < 1000)

Furt her nor e, an SR type 3 (Type-3 SR} nay be used
when UE uses an SR procedure for sending UL data that
requires |ow |atency, that is, UL data having a predefined
size of data L, (i.e., 1000 < the size of data < 10000)

Furt her nor e, an SR type 4 (Type-4 SR) nay be used
when UE wuses an SR procedure for sending UL data that
requires low latency, that is, UL data having a predefined
size of data Ly (i.e., 10000 < the size of data < 20000)

A process of assigning uplink resources to the SR
type 1, the SR type 2, and the SR type 3 is described below

UE in which a mltiple SR configuration has been
configured sends a scheduling request to an eNB in order to

be assigned PUSCH resources for sending UL data at step
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2301, 2311, and 2317.

In this case, the UE sends an SR type, selected based
on the type of UL data to be transmitted on a PUCCH and/or
the size of the UL data, to the eNB.

As described above, an SR type transnitted by the UE
is determined based on a resource in which an SR is
transmitted. That is, the UE sends the SR to the eNB
through an SR resource «corresponding to the selected SR
type.

Such an SR resource (i.e., a mul tiple SR
configuration) may be set by a high layer (e.g., an RRC
| ayer) in a UE-specific way or a cell-specific way.
Furt her nor e, t he mul tiple SR configuration nay be
dynanically or sem -statically changed.

In the example of FIG 23, when the UE sends the SR
through' an SR resource corresponding to the SR type 1, the |
eNB may determine the received SR to be the SR type 1.
Li kewi se, when the UE sends the SR through an SR resource -
corresponding to the SR type 2, the eNB nay deternine the
received SR to be the SR type 2.

The eNB deternines the SR type based on the SR
resource received from the UE and perforns a process of
assigning uplink resources based on the determined SR type.

First, if the UE sends the SR type 1 to the eNB, the
eNB may perform a comon 5-step UL resource assignnent
procedure by detecting energy (i.e., detecting on/off) in
the resource of the SR type 1.

That is, as in the exanple of FIG 18(a), the eNB
sends an UL grant for a PUSCH resource for sending a BSR to
the UE at step 2303.

The UE that has received the UL grant for the BSR
from the eNB sends a BSR triggered through the PUSCH
resources assigned by the UL grant, to the eNB at step 2305.

The eNB checks the anpbunt of data to be actually
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transmtted in uplink by the UE based on the BSR and sends
an UL grant for a PUSCH resource for sending the actual
data to the UE at step 2307. In this case, the eNB sets up
a soft buffer size corresponding to the size of the actual
data to be transmitted in uplink by the UE based on the BSR

The UE that has received the UL grant for sending the
actual data from the eNB sends the actual UL data to the
eNB through the assigned PUSCH resource at step 2309.

Thereafter, when the UE sends the SR type 2 to the
eNB, the eNB may perform a 3-step UL resource assignnent
procedure wthout a BSR request (i.e., wthout UL resource
assi gnnent for a BSR and wthout sending the BSR) by
detecting energy (i.e., detecting on/off) in the resource
of the SR type 2.

That is, the eNB sends an uplink grant (i.e., an UL
grant) for a PUSCH resource for sending actual data to the
UE at step 2313.

In this case, the- PUSCH resource - assigned -to -send- Ehe -
actual data my be deternmined *based on information about
the size of the data that has been provided from the UE to
the eNB through the SR type 2 at step 2311, the size of
data Li (100 < size of data < 1000) . Furthernore, the eNB
sets up a soft buffer si ze (e.g., 3000=1000*3)
corresponding to the size of data Li.

The UE sends the actual data to the eNB through the
PUSCH resource assigned by the UL grant from the eNB at
step 2315.

Thereafter, when the UE sends the SR type 3 to the
eNB, the eNB may perform a 3-step UL resource assignnent
procedure w thout a BSR request (i.e., wthout UL resource
assi gnnent for a BSR and wthout sending the BSR) by
detecting energy (i.e., detecting on/off) in the resource
of the SR type 3.

That is, the eNB sends an uplink grant (i.e., an UL
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grant) for the PUSCH resourc‘e for sending the actual data
to the UE at step 2317.

| In this case, the PUSCH resource assigned to send the
actual data may be determned based on information about
the size of the data that has been provided from the UE to
the eNB through the SR type 3 at step 2317, that is, the
size of data L, (1000 < the size of data < 10000)
Furt her nore, the eNB sets up a soft buffer size (e.g.,
30000=3*10000) corresponding to the size of data L,.

The UE sends the actual data to the eNB through the
PUSCH resource assigned by the UL grant from the eNB at
step 2321.

Processing in UE and an eNB for UL data transm ssion
using a nultiple SR configuration is described in detail
below with reference to the draw ngs.

FI G 24 is a diagram illustrating a process of
sending UL data wusing a multiple SR configuration in
accordance w th -an enbodi nent of -the present -invention —

In FIG 24, it is assuned that nmmjor applications
that generate UL data include three cases as foll ows.

Case 1 - data of a specific criterion or less size
t hat is intermttently/aperiodically gener at ed (e.g.,
health care and traffic safety information)

Case 2 - data of various sizes that is generated'
intermttently/aperiodically

Case 3 - data other than Case 1 and Case 2

In the case of Case 3, the comon b5-step SR based
uplink resource assilgnmant process is performned.

Processing in UE and the eNB in "Case 1" and "Case 2"
is described bel ow

FIG 24( a) illustrates an UL data transm ssion
process in Case 1.

An enbodi ment of the present invention proposes a new

scheduling request nethod not including a BSR in order to
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send data of a small size that may be intermttently
generated nore rapidly as in "Case 1."

In the case of data of a small size when an event is
intermttently generated as in "Case 1", data my be
transmtted through the proposed 3-step SR procedure not
including a BSR

In this case, an eNB previously defines a maxinm
supportable size of data L, regardless of the type and size
of data transmtted by UE and defines a corresponding soft
buffer size.

A maxi mum supportable size of data that my be uSed
by each of pieces of UE may be controlled ‘through an RRC
nmessage. Furt her nore, information about an SR resource
corresponding to each SR type may also be controlled
t hrough an RRC nessage.

Referring to FIG 24(a), UE determnes whether the

size of data transmtted in uplink is a specific length L,

_.or .less (or less .than the specific length Li)- supported in -

a multiple SR configuration at step 2401.

The UE selects an SR type "j" according to the size
of the data at step 2403. That is, if the size of the data
is Li or less (or less than), the UE selects the SR type 1.
If not, the UE selects the SR type o. The opposite is also
possi ble .

Furthernmore, the UE sends the selected SR type 0 or 1
to the eNB through a PUCCH resource corresponding to a
corresponding SR type at step 2405.

The eNB performs an UL grant generation and soft
buffer configuration for assigning the resources of UL data
based on the size of data obtained by detecting the SR of
the UE at step 2407.

l\/bre specifically, the eNB obtains information about
the size of the data (i.e., L; or Iless) based on the

received SR type, generates an UL grant according to the
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size of the data, and sends the UL grant to the UE
Furt her nore, the eNB sets up a soft buf fer si ze
corresponding to the size of the data. In this case, the
eNB nmay set up a soft buffer size corresponding to the
maxi mum supportable size of data (i.e., Lj).

If the size of the data satisfies a predetermn ned
condition (i.e., the size of data < Li) as described above,
the UE may send the UL data using a fast UL resource
assi gnment procedure.

FI G 24(b) illustrates an UL data transm ssion
process in Case 2.

An enbodi ment of the present invention proposes a new
scheduling request nethod not including a BSR in order to
send data of various sizes that my be internittently
generated as in "Case 2" nore rapidly.

The present enbodi nent corresponds to a case where an
event is interrﬁttently generated as in "Case 1", but data
may be transmitted using .the aforementioned 3-step. SR.
procedure not including a BSR through two or nore nultiple
SR configuratiohs because data has various sizes.

In this case, an eNB previously defines a maxinmm
supportable size of data r; (i=l, 2, 3, .., M) corresponding
to each SR type and defines a corresponding soft buffer
si ze. ,

Multiple SR configurations based on various sizes of
data that nmay be used by pieces of UE nmay be controlled
through an RRC nessage. That is, an M value nmay be
controlled in order to control a nunmber on which the size
of data is determ ned. Furthernmore, the size of data
supportable for each SR type and information about an SR
resource may also be controlled through an RRC nessage.

Referring to FIG 24(b), UE determines that the size
of data transmitted in uplink corresponds to which range

(L, < the size of data < L,, wherein "a" and "b" belong to
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"i"y of sizes of data correspond to respective SR types
supported in a multiple SR configuration at step 2409

- The UE selects an SR type Y according to the si ze
of the data at step 2411. That is, the UE selects a
corresponding SR type depending on whether the size of data
belongs to which data range (L, < the size of data < Ly,
wherein "a" and "b" belong to "i") -

- Furthernore, the UE sends the selected SR type to an
eNB through a PUCCH resource corresponding to the selected
SR type at step 2413.

The eNB perforns an UL grant generation and soft
buffer configuration for assigning the resources of UL data
based on the size of data obtained detecting the SR of the
UE at step 2415.

More specifically, the eNB obtains information about
the size of the data (L, < the size of data < L,, wherein
"a" and "b" belong to "i") based on the received SR type,
generates an UL grant according to .the size of the data,
and sends the UL grant to the UE. Furthernore , the eNB
sets up a soft buffer size corresponding to the size of the
dat a. In this case, the eNB may set up a soft buffer size
corresponding to the maxi num supportable size of data (i.e.,
Ly) -

If the size of the data satisfies a predeterni ned
condition (i.e., L, < the size of data < L,) as described
above, the UE nmay send the UL data using a fast UL resource
assi gnnent procedure.

FI G 25 is a diagram illustrating a nmethod for
requesting schedul i ng for transmtting UL data in
accordance with an enbodi nent of the present invention.

Ref erring to FIG 25, UE receives multiple SR
configuration information from an eNB at step 2501.

The multiple SR configuration information includes

information about a PUCCH resource index (i.e., an SR
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resource) corresponding to each SR type. The SR resource
configured for each SR type is determned by a conbination
of a PRB in which an SR is transmtted, a CS applied to a
base sequence (e.g., a ZC sequence) for spreading the SR in
a frequency dommin, and OC for spreading the SR in a tine
domain. Furthernore, the SR resource configured for each SR
type may’ further i ncl ude i nformation about an SR
periodicity and an SR subfrane offset.

Fur t her nor e, t he mul tiple SR configuration
information nmay include information about the size of UL
data corresponds to each SR type (e.g., a maxi mum
supportable size of data) or a maxi mum nunber of tinmes that
an SR is transmtted.

The UE nmay receive the nmultiple SR configuration
information from the eNB through an RRC nessage. For
example, the UE may receive the nultiple SR configuration
i nformation from the eNB through an RRC connection
reconfiguration nessage or an RRC connection setup nessage.

Such multiple SR configuration information may be
previously set between the UE and the eNB and known to both
the UE and the eNB. In this case, step 2501 may be omitted.

The UE selects an SR type that belongs to multiple SR
types and that corresponds to the size of UL data to be
t.ransrritted to the eNB at step 2503.

At least any one of the index of a physical uplink
control channel (PUCCH) resource, an SR periodicity, or an
SR subframe offset for sending an SR may be different set
according to each of the multiple SR types.

Furthernmore, the size of UL data is determined for
each SR type. For exanple, a maxinum supportable size of
data may be differently determned for each SR type. The
UE checks the size of the UL data to be transmtted to the
"eNB and selects an SR type according to the range of the

checked size of data.
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The UE sends the selected SR type to the eNB in order
to be assigned a PUSCH resource for sending the UL data at
step 2505.

In this case, SRs corresponding to the respective SR
types are transmitted wusing an on/off keying nethod, but
the index of PUCCH resources according to the SR types are
differently set. That is, the UE sends an SR to the eNB
through an SR resource (i.e., a PUCCH resource index) that
has been set in the SR type corresponding to the UL data to
be transmtted.

The eNB attenpts to detect al | the SR types
configured in the UE _

If the SR type transmitted by the UE i ndicates a
procedure for assigning uplink resources t hrough the
transmésion of an existing BSR of 6 bits at step 2405
(i.e., if the SR corresponds to an SR type for sending a

BSR)., the UE receives an UL grant for sending a BSR from

.the. eNB at step 2507. = _ -.

The UE that has received the UL grant for the BSR
from the eNB sends a triggered BSR to the eNB through a
PUSCH resource assigned by the received UL grant at step
2509 .

In this case, if the SR type transmtted by the UE
does not i ndi cate a procedure for assi gni ng upl i nk
resources through the transm ssion of an existing BSR of 6
bits, step 2507 and step 2509 may be onitted.

The eNB obtains information about the size of the UL
data through the SR type received from the UE at step 2511.

The eNB identifies the SR type through a resource in
which the SR is transmtted and obtains information about
the size of the UL data to be transmtted by the UE in
uplink using the SR type.

When the eNB receives a BSR from the UE after step
2507 and step 2509 are perforned, the eNB nmy obtain
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information about the size of UL data to be actually
transmitted by the UE in uplink through the received BSR

The UE receives an UL grant for the PUSCH resource
for sending the UL data from the eNB at step 2513. |

That is, the eNB checks the size of the UL data to be
actually transmitted by the UE in wuplink through the
received SR type (or BSR) and sends the UL grant for the
PUSCH resource for sending the actual data to the UE
Furt her nore, the eNB sets up‘ a soft buf f er si ze
corresponding to the size of the UL data to be transmtted
by the UE in uplink based on the received SR type (or BSR

The UE that has received the UL grant for sending the
actual data from the eNB sends the actual UL data to the
eNB through the PUSCH resource assigned by the UL grant at
step 2515.

As descri bed above, in the scheduling nethod in
accordance wth an enbodi nent of the present invention, the
existing 5-step UL resource assignnent procedure or the 3-
step UL resource assignnent procedure nmay be perforned
according to an SR type transmtted by UE because a
plurality of SR types is configured in the UE wi t hout
changing the existing PUCCH formats. Furt her nor e, t he
existing 5-step scheduling request procedure can be reduced
to the 3-step scheduling request proc'edure.v

Furthernore, the scheduling nmethod in accordance wth
an enbodi ment of the present invention is advantageous in
that a collision is not generated between PUCCH ACK/ NACK
resour ces. If a multiple SR configuration overlaps wth an
existin'g SR, an existing SR + A/N multiplexing schene is
used w thout any change.

Furt her nore, in the scheduling nethod in accordance
with an enbodiment of the present invention, a scheduling
request according to the conventional 5-step UL resource

assignnent procedure can be reduced to 3 steps. In the
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proposed nethod, since a BSR is omtted through the
multiple SR configuration, UE can directly set a soft
buffer for the assignment of an UL grant and UL data with
respect to data.to be transmtted by the UE in uplink

imediately after a scheduling request.

Apparatus for inplenenting the present invention

FI G 26 is a block di agram  of a wreless
communi cation apparatus according to an enbodinent of the -
present invention.

Referring to FIG 26, a wreless comunication system
includes an eNB 2610 and a plurality of UEs 2620 bel onging
to the eNB 2610.

The eNB 2610 includes a proceésor 2611, a nmenory- 2612,
a radio frequency (RF) unit 2613. The processor 2611 may
be configured to inplenent the functions, procedures and/or
met hods proposed by the present invention as described in
FIGs. 1'-25. Layers of a wireless interface protocol —nay_be_
i npl emented by the processor 2611. The nenory 2612 is
connected to the processor 2611 and stores various types of
information for operating the processor 2611. The RF unit
2613 is connected to the processor 2611, transmts and/or
receives an RF signal.

The UE 2620 includes a processor 2621, a nenory 2622,
and an RF unit 2623. The processor 2621 may be configured
to inplenment the functions, pr ocedur es and/ or nethods
proposed by the present invention as described in FIG. 1-
25. Layers of a wreless interface protocol my be
i nplemrented by the processor 2621. The nenory 2622 is
connected to the processor 2611 and stores information
related to operations of the processor 2622. The RF unit
2623 is connected to the processor 2611, transmits and/or
receives an RF signal.

The nenories 2612 and 2622 may be located inside or
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outside the processors 2611 and 2621 and nmay be connected
to the processors 2611 and 2621 through various well-known
neans. The eNB 2610 and/or UE 2620 nmay include a single
antenna or nultiple antennas.

The aforenentioned enbodi nent s are achieved by

conbi nation of structural elenents and features of the

present invention in a predeternined manner. Each of the
structural el ement s or features should be considered
sel ectively unl ess specified separately. Each of the

structural elenments or features may be carried out wthout
being conbined with other structural elenments or features.
Al so, sone structural el enents and/or features nmay be
conbined with one another to constitute the enbodinments of
the present invention. The order of operations described
in the enbodinments of the present invention may be changed.
Some structural elenents or features of one enbodi ment may

be included in another enbodiment, or may be replaced with

. corresponding . structural elenents -or features of another

enbodi nent . Moreover, it will be apparent that sone clains
referring to specific claims may be conbined with another
claims referring to the other clainse other than the
specific clainse to constitute the enbodinment or add new
claims by means of anmendnent after the application is filed,

It will be apparent to those skilled in the art that
various nodifications and variations can be made in the
present invention wthout departing from the spirit or
scope of the inventions. Thus, it is intended that the
present invention covers the nodifications and variations.
of this invention provided they cone within the scope of
the appended claims and their equivalents,

[industrial Applicability]

Although the nethod for requesting scheduling for

transmitting UL data in the wreless comunication system

of the present invention is described nmuinly for the
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exanple applied to 3GPP LTE LTE-A
possible to be applied

system it is also

to various wreless conmunication
system as well as 3GPP LTE/ LTE-A system
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[CLAIMS]
[Caim ]
A nmethod of requesting, by user equipnent (UE)

scheduling for transmtting uplink data in a wreless
conmuni cation system the nethod conprising:

transmtting, by the UE a Scheduling Request (SR of
an SR type selected fromnmultiple SR types to an eNB;

recei vi ng, by the UE, an wuplink grant determ ned
according to the selected SR type from the eNB; and

transmtting, by the UE uplink data to the eNB
through a physical wuplink shared channel (PUSCH resource
all ocated by the uplink grant.

[Caim 2]

The nethod of claim 1, wherein at l|east one of an
i ndex of a physical uplink control channel (PUCCH) resource,
an SR periodicity, or an SR subfranme offset for sending the
SR is differently configured according to each of the
mul tiple SR types. S o
[Caim 3]

The nmethod of claim 1, wherein a size of the uplink
data is determined for each of the nmultiple SR types.
[Caim 4]

The nmethod of claim 3, wherein the PUSCH resource
allocated by the uplink grant is determned based on the
size of the uplink data according to the selected SR type.
[Caim 5]

The method of claim .3, wherein a size of a soft
buffer set by the eNB is determined based on the size of
the uplink data according to the selected SR type.

[Caim 6]

The method of claim 1, wherein a resource allocation

procedure for sending the uplink data is determ ned

according to the multiple SR types.
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[Caim 7]

The nethod of claim 1, further conprising receiving,
by the UE mul tiple SR configuration i nformation for
configuring the nultiple SR types from the eNB.

[Caim 8]

The method of claim 7, wherein the multiple SR
configurafion i nformation includes at Ileast any one of
information about an index of a PUCCH resource, an SR
periodicity, or an SR subframe offset corresponding to each
of the multiple SR types.

[Caim 9]

The method of claim 1, further conprising:

recei ving, by the UE, an uplink grant for sending a
Buffer Status Report (BSR) from the eNB if the SR is an SR
for sending the BSR;, and

sendi ng, by the U, the BSR to the eNB through a
PUSCH resource allocated by the uplink grant for sending
the BSR - ' '

[daim 10]

User equipment requesting scheduling for transmtting
uplink data in a wireless conmunication system conprising:

a Radio Frequency (RF) unit for sending and receiving
radio signals; and

a processor,

wherein the prbcessor is configured to:

_transmt a Scheduling Request (SR of an SR type
selected from nultiple SR types to an eNB,

receive an uplink grant deternmned according to the
selected SR type from the eNB, and

transmit uplink data to the eNB through a physical
uplink shared channel (PUSCH) resource allocated by the
uplink grant.
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