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[DESCRIPTION]

[Invention Titlel

UPLINK DATA TRANSMISSION METHOD IN WIRELESS COMMUNICATION

-

SYSTEM AND APPARATUS FOR THE SAME

[Technical Field]

[1] The  present invention relates to a wireless
communication system and more particularly, a method for a
terminal to transmit uplink data to a base station and an

apparatus supporting the method.

[Background Art]

[2] Mobile communication systems have been developed to
provide a voice service while ensuring mobility of users.
The mobile communication system has evolved to provide a
data service in addition to the voice service. These days,
due to explosive growth of traffic, communication resources
are easily running short. Also, since demand for higher
speed services is great, needs for more advanced mobiie
communication systems are getting larger.

[3] Requirements for ) the next-generation mobile
communication system largely include accommodation of
explosiye data traffic, considerable increase of
transmiséion rate for each user, accommodation of the

significantly increased number of connected devices, very
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low end-to-end latency, and high energy efficiency. To wmeet
the requirements, various technologies such as dual
connectivity, massive multiple input multiple output (MIMO),
in-band full duplex, non-orthogonal multiple access (NOMA),
support for super-wideband communication, and device

networking are being studied.

[Disclosurel

[Technical Problem]

[4] The present invention has been made in an effort to
provide a method for preventing collision during
transmission and reception of inability of terminals to
estimate an UL data channel due to selection of the same
CPRB and an error correction response (HARQ ACK/NACK)
mapped to the inability by allocating a cyclic shift value
with respect to a CPRB based on CPRB indication informatioﬁ.
[5] Technical objects of the present invention are not
limited to those objects described above; other technical
objects.not mentioned above can be clearly understood from
what are described below by those skilled in the art to

which the present invention belongs.

[Technical Solutionl]

[6] To achieve the technical object, in a method for

transmitting uplink (UL) data requiring low latency in a
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wireless communication system according to the present
invention, the method carried out by a mobile terminal
comprises transmitting contention PUSCH resource block
(CPRB) indication information used for identifying a
particular terminal and/or particular data to a base
station; transmitting UL data to the base station through
CPRB resources of a contention based PUSCH (CP) zone; and
receiving a hybrid automatic retransmit request (HARQ)
response with respect to the UL data from the base station
through a physical hybrid ARQ indicator channel (PHICH),
where the CP zone is a resource area from which UL data can
be transﬁitted. without allocation of an UL grant and a
cyclic‘ shift (CS) set up based on the CPRB indication
information is mapped to the CPRB resource and the PHICH.
[71 The CPRB indication information is a signal or a
sequence transmitted through a physical uplink shared
channel (PUSCH) or a physical uplink control channel
(PUCCH).

(8] The value of a cyclic éhift ranges from 0 to < (the
maximum  value of the CPRB indication information
Qalue+1)/N>—l for the same CPRB.

[9]_ The PHICH is assigned for each‘terminal according to
the c?clic shift value.

[10] | The CPRB indication information and the UL data

are transmitted from the same subframe or through
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consecutive subframes.

[11] | In a method for receiving UL data requiring low
latency in a wireless communication system, the method
carried out by a Dbase station comprises receiving
contention PUSCH resource block (CPRB) indication
information used for identifying a particular terminal
and/or particular data from at least two or more terminals;
receiving wuplink (UL) data through CPRB resource of a
contention based PUSCH (CP) zone from the at least two or
more terminals; and transmitting a hybrid automatic
retransmit request (HARQ) response with respect to the UL
data through a physical hybrid ARQ indicator chanﬁel (PHICH)
to the at least two or more terminals, where the CP zone is
a resource area from which UL data can be transmitted
without allocation of an UL grant and a cyclic shift (CS)
set up based on the CPRB indication information is mapped
tp the CPRB resource and the PHICH.

[12] A mobile terminal for transmitting uplink (UL)
data iﬁ a wireless communication system comprises a radio
frequency (RF) unit for transmitting and receiving a radio
sigﬁal; and a processor, where the processor is controlled
to transmit contention PUSCH ©resource Dblock (CPRB)
indication information used for identifying a particular
terminal and/ér particular data to a base station; to

transmit uplink data to the base station through CPRB

4
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resources of a contention based PUSCH (CP) zone; and to
receive a hybrid automatic retransmit request (HARQ)
response with respect to the UL data from the base station
through a physical hybrid ARQ indicator channel (PHICH) ;
and where the CP zone is a resource area from which UL data
can be transmitted without allocation of an UL grant and a
cyclic shift (CS) set up based on the CPRB indication

information is mapped to the CPRB resource and the PHICH.

[Advantageous Effects]

[13] | The present invention allocates a cyclic shift
value with respect to a CPRB on the basis of CPRB
indication information, thereby resolving a collision
problem of UL data resources (e.g., demodulation-reference
signal (DMRS)) that can be caused by terminals’ selection
of the same CPRB and increasing a probability of
successfully transmitting and receiving UL data.

[14] The present invention allocates a cyclic shift
value based on CPRB indication information, thereby
resolving a collision problem during transmission and
reception‘of an error correction response (HARQ ACK/NACK)
with respect to UL data transmitted through the same CPRB.
[15] The advantageous effects that can be obtained
from application of the present invention are not limited

to the aforementioned effects, but other advantageous

5
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effects not mentioned above will be clearly understood from
the descriptions below by those skilled in the art to which

the present invention belongs.

[Brief Description of the Drawings]

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

[17] FIG. 1 illustrates one example of a network
structure of evolved universal terrestrial radio access
network (E-UTRAN) to which the present invention can be
applied;

[18] FIG. 2 iliustrates a radio interface protocol
structure defined betweén a mobile terminal and an E-UTRAN
in a wireless communication system to which the present
invention can be ap?lied;

[19] FIG. 3 illustrates physical channels used for
the 3GPP LTE/LTE-A system to which the present invention
can be applied and a general signal transmission method
usihg the physical channels;

[20] FIG. 4 1illustrates a radio frame structure

defined in the 3GPP LTE/LTE-A system to which the present
| 6
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invention can be applied;

[21] FIG. 5 illustrates a resource grid with respect
to one downlink slot in a wireless communication system to
which the present invention can be applied;

[22] FIG. 6 1illustrates a structure of a downlink
subframe in a wireless communication system to which the
present invention can be applied;

[23] | FIG. 7 1illustrates a structure of an uplink
subframe in a wireless communication system to which the
present invention can be applied;

[24] FIG. 8 1illustrates a structure of DCIvformat 0
in a wireless communication system to which the present
invention can be applied;

[25] FIG. 9 1illustrates ~one example where PUCCH
formats are mapped to the PUCCH region of an uplink
physical resource block in a wireless communication systeﬁ
to which the présent invention can be applied;

[26] FIG. 10 illustrates a structure of a CQI
channel for the case of a normal CP in a wireless
communication system to which the present invention can be
applied;

[27] FIG. 11 illustrates a structure of an ACK/NACK
channel for the case of a normal CP in a wireless
communication system to which the present invention can be

applied;
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[28] FIG. 12 illustrates a method for multiplexing
ACK/NACK and SR in a wireless communication system to which
the present invention can be applied;

[29] FIG. 13 illustrates an MAC PDU used by an MAC
entity in a wireless communication system to which the
present invention can be applied;

[30] FIGs. 14 and 15 illustrate a sub-header of an
MAC PDU in a wireless communication system to which the
present invention can be applied;

[31] FIG. 16 illustrates a format of an MAC control
element for reporting a buffer state 1in a wireless
communication system to which the present invention can be
applied;

[32] FIG. 17 illustrates one example of a component
carrier and carrier aggregation in a wireless communication
system to which the present invention can be applied;

[33] FIG. 18 illustrates an uplink  resource
allocation process of a mobile terminal in a wireless
communication system to which the present invention can be
applied;

[34] FIG. 19 illustrates latency in a C-plane
reqﬁired in the 3GPP LTE-A system to which the present
invention can be applied;

[35] FIG. 20 illustrates transition time of a

synchronized terminal from a dormant state to an active

8
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state required in the 3GPP LTE-A system to which the
present invention can be applied;

[36] FIG. 21 illustrate one example of a random
access procedure;

[37] FIG. 22 illustrates another example of a
structure of an uplink subframe;

,[38] FIG. 23 illustrates a signal processing
proceduré for transmitting an uplink reference signal;

[39] FIG. 24 1illustrates a structure of a subframe
for transmitting demodulation reference signal;

[40] FIG. 25 illustrates one example of setting a CP
zone and a contention PUSCH resource block;

[41] | FIG. 26 1illustrates another example of a
contention PUSCH resource block;

[42] FIG. 27 illustrates one example of a method for
transmitting information related to a CP zone; |

[43] FIG. 28 illustrates one example of a method for
using a CP zone in a buffer state réport (BSR) procedure;
[44] FIG. 29 illustrates various ways of setting a
CP zone when a buffer state report (BSR) procedure uses the
CP zone;

[45] FIG. 30 illustrates one example of a method for
CPRB mapping in a buffer state report (BSR) procedure;

[46] FIG. 31 illustrates one example of collision

occurred at the time of BSR transmission due to occupation

9
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of the same CPRB}

[47] FIG. 32 illustrates one example of a method for
setting a DMRS cyclic shift of a CPRB according to the
present invention;

[48] FIG. 33 illustrates one example of a method for
setting a DMRS cyclic shift value according to the present
invention;

[49] FIG. 34 illustrates another example of a method
for setting a DMRS cyclic shift value according to the
present invention; and

[50] FIG. 35 illustrates a Dblock diagram of a
wireless communication device to which the present

invention can be applied.

[Mode . for Invention]

[51] In what follows, preferred embodiments
according to the present invention will be described in
detail with reference to appended drawings. The detailed
descriptions given below with reference to appended
drawings are intended only to provide illustrative
embodiments of the present invention and do not represent
the only embodiments thereof. The detailed descriptions of
the present invention below include specific details for
the purpose of comprehensive understanding of the present
invention. However, those skilled in the art may readily

understand that the present invention can be implemented

10
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without those specific details.

[52] For some case, in order to avoid inadvertently
making the technical concept of the present invention
obscured, the structure and the apparatus well-known to the
public can be omitted or illustrated in the form of a block
diagram with respect to essential functions of the
structure and the apparatus.

[53] A base station in this document is defined as a
terminal node of a network which carries out communication
directly with a terminal. Particular operations in this
document described to be carried out by a base station may
be carried out by an upper node of the base station
depending on the sitﬁation. In other words, it is evident
that in a network consisting of a plurality of network
nodes including a base station, various operations carried
out for communication with terminals can be carried out the
base station or other network nodes other than the base
station. The term of base station (BS) can be substituted
for by those terms such as fixed station, Node B, evolved-
NodeB (eNB), base transceiver system (BTS), and access
point (AP). Also, a terminal may be stationary or mobile
and can be referred to by different terms such as a User
Equipment (UE), Mobile Station (MS), User Terminal (UT),
Mobile Subscriber Station (MSS), Subscriber Station (SS),

Advanced Mobile Station (AMS), Wireless Terminal (WT),

11
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Machine-Type Communication (MTC) device, Machine-to-Machine
(M2M) device, and Device-to-Device (D2D) device.

[54] In what follows, downlink transmission denotes
communication from the BS to the UE, and uplink
transmission denotes communication from the UE to the BS.
In the downlink transmission, a transmitter can be a part
of the BS while a receiver can be a part of the UE. In the
uplink transmission, a transmitter can be a part of the UE
while a receiver can be a part of the base station.

[55] Particular terms used in the descriptions below
are introduced to help understand the present invention and
can be modified in various other ways as long as a modified
use thereof does not depart from the technical principles
and concept of the present invention.

[56] Technologies described below can be used by

various wireless access systems based on the scheme such as

CDMA (code division multiple access), FDMA (frequency
division multiple access), TDMA (time division multiple
access), OFDMA (orthogonal frequency division multiple
accessj, SC-FDMA (single carrier frequency division

multiple access), and NOMA (non-orthogonal multiple access).
The CDMA scheme can be implemented by a fadio technology
such as wuniversal terrestrial radio access (UTRA) and
CDMA2000. The TDMA scheme can be implemented by a radio

technology such as global system for mobile communications

12
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(GSM), general packet radio service (GPRS), and enhanced
data rates for GSM evolution (EDGE). The OFDMA scheme can
be implemented by such as radio technology as defined by
the IEEE 802.11 (Wi-Fi), IEEE 802.16 (WiMAX), IEEE 802.20,
and evolved UTRA (E-UTRA). The UTRA is a part of standards
specifying the universal mobile telecommunications system
(UMTS) . The 3™ generation partnership project (3GPP) long
term evolution (LTE) is a part of standards of the evolved
UMTS (E-UMTS) employing the E-UTRA, employing the OFDMA
scheme for downlink transmission and the SC-FDMA scheme for
uplink‘transmission. The LTE-A (Advanced) is an enhancement
of the 3GPP LTE standard.

[57] ‘ The embodiments of this document can be
supported by at least one of the standard specifications
for wireless access systems such as the IEEE 802, 3GPP, and
3GPP2. In other wbrds, the standard specifications can be
used to support those steps or parts among the embodiments
of the present invention not explicitly described in favor
of clarifying the technical principles thereof. Also, for
technical definitions of the terms used in this document,
the standard documents should be consulted.

[58] For the purpose of clarity, this document is
déscribed based on the 3GPP LTE/LTE-A standard; however, it
should be understood that the present invention is not

limited to the specific standard.

13
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[59] The overall system

[60] FIG. 1 illustrates one example of a network
structurelof the evolved universal terrestrial radio access
network (E-UTRAN) to which the present invention can be
applied. |

[61] The E-UTRAN system 1is an enhancement of the
UTRAN system, and can be referred to as the 3GPP LTE/LTE-A
system. The E-UTRAN system includes eNBs which provide a
control plane and a user piane to a UE, and the eNBs are
connected to each other through X2 interface. The X2 user
plane interface (X2-U) is defined among the eNBs. The X2-U
interface is intended to provide non-guaranteed delivery of
a user plane’s packet data unit (PDU). The X2 control plane
interface (X2-CP) is defined between two neighboring eNBs.
The X2-CP performs the function of context delivery between
eNBs, control of a user plane turnnel between a source eNB
and a target eNB, delivery of handover-related messages,
and uplink load management. An eNB is connected to a UE
through‘an air interface and connected to an evolved packet
core (EPC) through the S1 interface. The S1 user plane
interfaée (S1-U) is defined between an eNB and a serving
gateway (S-GW). The S1 control plane interface (S1-MME) is
defined_ between an eNB and a mobility management entity

(MME) . The S1 interface performs an evolved packet system

14
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(EPS) bearer service management function, a non-access
stratum (NAS) signaling transport function, network sharing,
an MME load balancing function, and so on. The Sl interface
supports many-to-many relation between an eNB and an MME/S-

GW.

[62] FIG. 2 1illustrates a radio interface protocol
structure defined between a UE and an E-UTRAN in a wireless
communication system to which the present invention can be
applied. FIG. 2(a) illustrates a redio protoeol structure
of a control plane, and FIG. 2(b) illustrates a radio
protocol structure of a user plane.

[63] With reference to FIG. 2, 1layers of a radio
interface protocol between the UE and the E-UTRAN can be
classified into a first layer (Ll1l), a second layer (L2),
and a third layer (L3) based on the lower three layers of
the open system interconnection (OSI) modei that is well-
known in the communication system technology £field. The
radio interface protocol between the UE and the E-UTRAN is
divided horizontally into a physical layer, a data link
layer, and a network layer; and divided vertically into a
user plane which is a protocol stack for data information
transmission and a control plane which is a protocol stack
for transmission of a control signal.

[64] The control plane refers to a path along which

15
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control messages for the UE and the network to manage calls
are transmitted. The user plane refers to a path along
which data created in the application layer, for example,
voice data or Internet packet data are transmitted. In what
follows, the control plane and the user plane of the radio‘
protocol will be described. The physical (PHY) layer
belonging to the first layer provides an information
transfer service to an upper layer by using a physical
channel. The PHY layer is connected to the medium access
control (MAC) layer belonging to the upper layer through a
transport channel, and data are transferred between the MAC
layer and the PHY layer through the transport channel. The
transport channel is classified according to how and with
what characteristics data are transferred through a radio
interface. And a physical channel is employed to transfer
data between disparate physical layers and between a
physical layer of a transmitter end and a physical layer of
a receiver end. The physical layer is moaulated by OFDM
scheme and uses time and frequency as radio resources.

[65] There are a few physical control channels used
in the physical layer. A physical downlink control channel
(PDCCCH)‘informs the UE of a paging channel (PCH), fesource
allocation of a downlink shard channel (DL-SCH), and hybrid
autématic repeat request (HARQ) information related to an

uplink shared channel (UL-SCH). Also, the PDCCH can carry
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an uplink grant which informs the UE of resource allocation
for uplink transmission. A ©physical control format
indicator channel (PDFICH) informs the UE of the number of
OFDM symbols used for the PDCCHs and is transmitted for
each subframe. A physical HARQ indicator channel (PHICH)
carries a HARQ acknowledge (ACK) / non-acknowledge (NACK)
signal in response to the uplink transmission. A physical
uplink control channel (PUCCH) carries requests scheduling
of the HARQ ACK/NACK signal for downlink transmission and
carries uplink control information such as a channel
quality indicator (CQI). A physical uplink shared channel
(PUSCH) carries an UL-SCH. |

[66] The MAC layer of the second layer (L2) provides
a service to its upper layer, radio 1link control (RLC)
layer, through a logical channel. Functions of the MAC
layer includes mapping between a logical chennel andv a
transport channel; and multiplexing/demultiplexing of
transport blocks provided to a physical channel on a
transport ehannel of a MAC service data wunit (SDU)
belonging to the logical channel.

[67] The RLC layer of the second layer (L2) supports
reliable transmission of data. Functions of the RLC layer
include concatenation, segmentation, and reassembly of the
RLC SDU. .To ensure various levels of quality of service

(QoS) that a radio bearer (RB) requests, the RLC layer

17
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provides three operating modes: transparent mode (TM),
unacknowledged mode (UM), and acknowledge mode (AM). The AM
RLC provides error correction through an automatic repeat
request (ARQ). Meanwhile, in case the MAC layer carries the
RLC function, the RLC layer can be included as a functional
block of the MAC layer.

[68] A packet data convergence protocol (PDCP) layer
of the second layer (L2) carries functions of transfer of
user data in the wuser plane, header compression, and
ciphering. The header compression refers to the function of
reducing the size of the IP packet header which carries
relatively 1large and unnecessary control information so
that Internet protocol (IP) packets such as the Internet
protocol version 4 (IPv4) or the Internet protocol version
6 (IPve) can be transmitted efficiently through a radio
interface with narrow bandwidth. Functions of the PDCP
layer in' the control plane include transfer of plane data
and ciphering/integrity protection.

[69] '  The radio resource control (RRC) layer located
in the lowest part of the third layer (L3) is defined only
in the control plane. The RRC 1layer controls radio
resources between the UE and a network. To this end, the UE
and the network exchanges RRC messages through the RRC
layer. The RRC 1layer controls a logical channel, a

transport channel, and a physical channel related to

18



WO 2016/010217 PCT/KR2015/000415

configuration, re-configuration, and release of vradio
bearers. A radio bearer refers to a logical path that the
‘second layer (L2) provides for data transmission between
the UE and the network. Configuring a radio bearer
indicates that a radio protocol 1layer and channel
characteristics are defined for providing a particular
service and specific parameters and an operating method
thereof are set up. A radio bearer is again divided into a
signaling RB (SRB) and a data RB (DRB). The SRB is used as
a path for transmitting RRC messages in the control plan,
and the DRB is used as a path for transmitting user data in
the user plane. |

[70] | The non-access stratum (NAS) layer located in
the upper hierarchy of the RRC layer performs the function
of session management, mobility management, and so on.

[711 A cell constitutihg an éNB has»bandwidth chosen
from among 1.25, 2.5, 5, 10, 2 MHz and provides a downlink
or an uplink transmission service to UEs. Bandwidth
configuration can be carried Qut so that diffefent cells
have bandwidth different from each other.

[72] Downlink transport channels for transporting
data from a network to a UE include a broadcast channel
(BCH) which transmits system information, a PCH which
transmits a paging message, a DL-SCH which transmits user

traffic or a control message. Downlink multicast or
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broadcast service traffic or a control message may be
transmitted through the DL-SCH or through a separate
multicast channel (MCH) . Meanwhile, wuplink transport
channels for transporting data from the UE to the network
include a random access channel (RACH) which transmits the
initial control message and an uplink shared channel which
transmits user traffic or a control message.

[731] A logical channel lies in the upper hierarchy
of a transport channel and is mapped to the transport
channel. A logical channel 1is divided into a control
channel for transmission of control area information and a
traffic channel for transmission of user area information.
Logical channels.include a broadcast control channel (BCCH),
a paging control channel (PCCH), a common control channel
(CCCH), a dedicated control channel (DCCH), a multicast
control channel (MCCH), a dedicated traffic channel (DTCH),
and a multicast traffic channel (MTCH). |

[74] To manage a UE and mobility of the UE in the
NAS layer located in the control plane, an EPS mobility
management (EMM) registered state and an EMM-deregistered
state éan be defined. The EMM registered state and the EMM
de-registered sate can be applied to the UE and the MME. As
in the case when the UE is powered on er the first time,
the UE at its initial stage is in the EMM-deregistered

state and carries out a process of registering for a
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network through an initial attach procedure to connect to
the corresponding network. If the connection procedure is
carried out successfully, the UE and the MME then make a
transition to the EMM-registered state.

[75] ~ Also, to manage rsignaling connection between
the UE and the network, an EPS connectioﬁ management (ECM)
connected state and an ECM-IDLE state can be defined. The
ECM-CONNECTED state and the ECM-IDLE state can also be
applied to the UE and the MME. The ECM connection includes
an RRC connection established between the UE and an eNB and
an S1 signaling connection established between the eNB and
the MME. The RRC state indicates whether the RRC layer of
the UE and the RRC layer of the eNB are connected logically
to each other. In other words, if the RRC layer of the UE
is connected to the RRC layer of the eNB, the UE stays in
an RRC_CONNECTED state. If the RRC layer of the UE and the
RRC layer of the eNB are not connected to each other, the
UE stays in an RRC_IDLE state.

[76] ‘ A network is capable of perceiving existence of
a UE in‘ the ECM-CONNECTED state at the cell 1level and
controlling the UE in an effective ﬁanner. On the other
hand, the network is unable to perceive the existénce of a
UE in the ECM-IDLE state, and a core network (CN) manages
the UE on the basis of a tracking area which f; a regional

unit larger than the cell. If the UE is in the ECM-IDLE
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state, the UE carries out discontinuous reception (DRX)
that the NAS configures by using the ID assigned uniquely
in the tracking area. In other words, the UE can receive
broadcast data of system information and paging information
by monitoring a paging signal in a particular paging
'opportunity at each UE-particular paging DRX cycle. When
the UE is in the ECM-IDLE state, the network does not hold
context information of the UE. Therefore, the UE in the
ECM-IDLE state can carry out a mobility-related procedure
based on the UE such as cell selection or cell reselection
without having to take an order of the network. In case the
position of the UE in the ECM-IDLE state changes from the
position known to the network, the UE can inform the
network about its position through a tracking area update
(TAU) procedure. On the other hand, if the UE is in the
ECM-CONNECTED state, mobility of the UE is managed by the
command of the network. While the UE is in the ECM-
CONNECTED state, the network is informed of the cell to
which the UE belongs to. Therefore, the network transmits
and receives data to and from the UE, controls mobility
such as the UE’'s handover, and carries out cell measurement
of neighboring cells.

[77] As described above, 1in order for the UE to
receive a conventional mobile communication service such as

voice or data communication, the UE needs to make a
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transition to the ECM-CONNECTED state. When the UE is
powered on for the first time, the UE at its initial stage
stays in the ECM-IDLE state similarly as done for the EMM
state; 1if the UE 1is registered successfully to the
. corresponding network through the initial attach procedure,
the UE and the MME make a transition to the ECM-CONNECTED
state. Also, if the UE is registered in the network but
radio resources are not assigned as traffic is deactivated,
the UE stays in the ECM-IDLE state; if new uplink or
downlink traffic is generated for the corresponding UE, the
UE and the MME make a transition to the ECM-CONNECTED state

through a service request procedure.

[78] FIG. 3 illustrates physical channels used for
the 3GPP LTE/LTE-A system to which the present invention
can be applied and a general signal transmission method
using the physical channels.

{79] A UE, which may have been powered on again from
the power-off state or may have néwly entered a cell,
carries out the initial <c¢ell search task such as
synchronizing itself with an eNB in the S301 step. To this
purpose, the UE synchronizes with the eNB by receiving a
primary synchronization channel (P-SCH) and a secondary
synchronization channel (S-SCH) from the eNB and obtains

information such as a cell ID (identifier).
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[(80] Afterwards, the UE receives a physical
broadcast channel (PBCH) signal from the eNB and obtains
broadcast signal within the eNB. Meanwhile, the UE receives
a downlink reference signal (DL RS) in the initial cell
search step to check the downlink channel status.

[81] The UE which has finished the initial cell
search receives a PDSCH according to the PDCCH and PDCCH
information in the S302 step to obtain more specific system
information.

[82] Next, the UE may carry out a random access
procedure such as the steps of S303 to S306 to complete a
connegtion. process to the eNB. To this purpose, the UE
transmits a preamble S303 through a physical random access
channel (PRACH) and receives a response message in response
to the preamble through a PDSCH corresponding to the PRACH
S304. In the case of contenﬁion—baéed.random access, the UE
may carry out a contention resolution procedure including
transmission of an additional PRACH signal S305 and
reception of a PDCCH signal and the PDSCH signal
corresponding to the PDCCH signal S306.

[831 Afterwards, the UE which has carriéd out the
prbcedure above may cérry out reception S307 of the PDCCH
signal and/or PDSCH signal and transmission S308 of a PUSCH
signal and/or a PUCCH signal as a conventional

uplink/downlink signal transmission procedure.

24



WO 2016/010217 PCT/KR2015/000415

[84] The control information that the UE transmits
to the eNB is called collectively uplink control
information (UCI). The UCI includes HARQ-ACK/NACK, a
scheduling request (SR), a channel quality indicator (CQI),
a precoding matrix indicator (PMI), and rank indication (RI)
information.

[85] In the LTE/LTE-A system, the UCI is transmitted
periodically through the PUCCH; the UCI can be transmitted
through the PUSCH if control information and traffic data
have to be transmitted at the same time. Also, the UCI can
be transmitted non-periodically through the PUSCH according

to a request or a command from the network.

[86] FIG. 4 illustrates a radio frame structure
defined in the 3GPP LTE/LTE-A system to which the present
invention can be applied.

(871 In the cellular OFDM wireless packet
communication system, transmission of uplink/downlink data
packets 1is carried out in units of subframes, and one
subframé is defined as a predetermined time period
including a plurality of OFDM symbols. The 3GPP LTE/LTE-A
standard supports a type 1 radio frame structure that can
be applied to frequency division duplex (FDD) scheme and a
type 2 radio frame structure that can be appliéd to time

division duplex (TDD) scheme. In the FDD mode, uplink
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transmission and downlink transmission are carried out
separately in the respective frequency bands. On the othér
hand, for the TDD mode, uplink and downlink transmission
are carried out separately in the time domain bgt occupy
the same frequency band. Channel responses in the TDD mode
afe in fact reciprocal. This implies that a downlink
channel response is virtually the same as the corresponding
uplink channel response in the frequency domain. Therefore,
it can be regarded as an advantage for a wireless
communication system operating in the TDD mode that a
downlink channel response can be obtained from an uplink
channel response. Since the whole frequency domain is so
utilized in the TDD mode that wuplink and downlink
transmission are performed in time division £fashion,
downlink transmission by an eNB and uplink transmission by
a UE cannot be performed simultaneously. In a TDD system
where uplink and downlink transmission are managed in units
of subframes, uplink and downlink transmission are carried
out separately in the respective subframes.

[88] FIG. 4(a) illustrates a structure of a type 1
radio ‘frame. A downlink radio frame consisﬁs of 10
subframes, and each subframe consists of two slots in the
tiﬁe domain. The time period needed to transmit one
subfraﬁe is called a Transmission Time Interval (TTI). For

example, length of each subframe can amount to 1 ms, and
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length of each slot can be 0.5 ms. Each slot includes a
plurality of orthogonal frequency division multiplexing
(OFDM) symbols in the time domain, and includes a plurality
of resource blocks (RBs) in the frequency domain. The 3GPP
LTE/LTE-A system uses the OFDMA method for downlink
transmission; therefore, the OFDM symbol 1is intended to
represent one symbol period. One OFDM symbol may be
regarded to correspond to one SC-FDMA symbol or a symbol
period. The resource block as a unit for allocating
resources includes a plurality of consecutive subcarriers
within one slot.

[89] The number of OFDM symbols included within one
slot ‘can be varied according to the configuration of a
cyclic prefix. The CP has an extended CP and a normal CP.
For example, in case the OFDM symbol consists of normal CPs,
the number of OFDM symbbis included within one slot caﬁ be
7. In case the OFDM symbol consists of extended CPs, the
number of OFDM symbols included within. one slot becomes
smaller\than that for the normal CP case since the 1length
of a single OFDM is increased. In the case of extended CP,
for example, the number of OFDM symbols included within one
slot can be 6. In case a channel condition is unstable as
observed when the UE moves with a high speed, the extended
CP can be used to further reduce inter-symbol interference.

[90] Since each slot consists of 7 OFDM symbols when
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a normal CP is used, one subframe includes 14 OFDM symbols.
At this time, the first maximum 3 OFDM symbols of each
subframe are allocated to the physical downlink control
channel (PDCCH) and the remaining OFDM symbols are
allocated to the physical downlink shared channel (PDSCH) .

[91] FIG. 4(b) illustrates a type 2 radio frame. The
type 2 radio frame consists of two half frames, and each
half frame consists of 5 subframes, and each subframe
consists of two slots, Among the 5 subframes, a special
subframe consists of a downlink pilot time slot (DwPTS), a
guard period (GP), and an uplink pilot time slot (UpPTS).
The’DwPTS is used for the UE to carry out the initial cell
search, synchronization, and channel estimation. The UpPTS
is used for the eNB to carry out channel estimation and
uplink transmission synchronization with the UE. The GP 1is
a period intended for removing interference generétéd
during uplink transmission due to multi-path delay of a
downlink signal between uplink and downlink transmission.

[92] The structure of a radio frame described above
is just an example, and the number of subframes included
within one radio frame, the number of slots included within
one subframe, and the number of symbols included within one

slot can be varied in many ways.

[93] FIG. 5 illustrates a resource grid with respect
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to one downlink slot in a wireless communication system to
which the present invention can be applied.

[94] With reference to FIG. 5, one downlink slot
includes a plurality of OFDM symbols in the time domain.
Each downlink slot includes 7 OFDM symbols, and each
resource block includes 12 subcarriers in the £frequency
domain. However, the present invention is not limited to
the illustrative configuration.

[95] "Each element of resource grids is called a
resource element, and a resource block includes 12 x 7
resource elements. Each resource element in the resource
grids can be identified by an index pair (k, ¢) within a
slot. Here, k (k=0,..., Ngg x12-1) stands for a subcarrier
index in the frequency domain while (¢ (¢=0,...,6) an dFDM
symbolbindex in the time domain. The number Nzz of resource
blocks included in a downlink slot is dependent on downlink
transmission bandwidth. The structure of an uplink slot can

be the same as that of the downlink slot.

[961 FIG. 6 illustrates a structure of a downlink
subframe_in a wireless communication system to which the
present invention can be applied.

[97] With reference to FIG. 6, in the first slot
within a subframe, the first maximum three OFDM symbols

make up a control region to which control channels are
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allocated, and the remaining OFDM symbols form a data

region to which a PDSCH is allocated. The 3GPP LTE/LTE-A

standard defines PCFICH, PDCCH, and PHICH as downlink

control channels.

[98] The PCFICH is transmitted from the first OFDM

symbol of a subframe and carries information about the

number (namely, size of the control region) of OFDM symbols

used for transmission of control channels within a subframe.
The PHICH is a response channel with respect to an uplink

and carries a ACK/NACK signal with respect to HARQ. The

céntrol information transmitted through the PDCCH is called

downlink control information (DCI). The DCI includes uplink

resource allocation information, downlink resource

allocation information, or uplink transmission (Tx) power

control commands for an arbitrary UE group.

[99] | ‘An eNB détermines the ?DCCH fofmét}acéordihg»ﬁé'
Downlink Control Information (DCI) to be sent to a UE and

adds a Cyclic Redundancy Check (CRC) to the control

information. The CRC is masked with a unique identifier

depending on an owner of the PDCCH or intended use of the

PDCCH, which is called a Radio Network Temporary Identifier

(RNTI). In the case of a PDCCH intended for a particular UE,
a unique identifier for the UE, for example, Cell-RNTI (C-

RNTI) can bé masked with the CRC. Similarly, the CRC can be

masked with a paging identifier, for example, Paging-RNTI
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(P-RNTI) in the case of a PDCCH intended for a paging
message. The CRC can be masked with a system information
identifier, for example, System Information-RNTI (SI-RNTI)
in the case of a PDCCH intended for system information
block. The CRC can be masked with a Random Access-RNTI (RA-
RNTI) to designate a random access response in response to

transmission of a random access preamble of the UE.

[100] FIG. 7 1illustrates a structure of an uplink
subframe in.a wireless communication system to which the
present invention can be applied.

[101] With reference to FIG. 7, an uplink subframe is
divided into a control region and a data region in the
frequency domain. A PUCCH which carries uplink control
ianrmation is allocated to the control region. A PUSCH
which carries data is allocated to the data region. If an
upper layer commands, the UE can support the PUSCH and the
PUCCH at the same time. A resource block pair is allocated
Within a subframe for the PUCCH of each UE. The resource
blocks belonging to a resource block pair allocated to the
"PUCCH occupy different subcarriers at each of two slots
based on a slot boundary. In this case, the resource block
pair allocated to the PUCCH is said to perform frequency

hopping at slot boundaries.
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[102] Physical Downlink Control Channel (PDCCH)

[103] The control information transmitted through a
PDCCH is called downlink control indicator (DCI). The size
and use of the control information transmitted through the
PDCCH vary according to the DCI format, and the size can

still be changed according to a coding rate.

[104] Table 1 shows the DCI according to the DCI

format.

[105] [Table 1]

DCIT 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

iD MU-MIMO

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

2A 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

[106] With reference to Table 1, each value of the
DCI format indicates the following objective: format 0 for
scheduling of PUSCH, format 1 for scheduling of one PDSCH
codeword, format 1A for compact scheduling of one PDSCH
codeword, format 1C for very compact scheduling of DL-SCH,
format 2 for PDSCH scheduling in a closed-loop spatial
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multiplexing mode, format 2A for PDSCH scheduling in an
open loop spatial multiplexing mode, format 3 and 3A for
transmission of transmission power control (TPC) command
for an uplink channel, and format 4 for PUSCH scheduling
within one uplink cell in a multi-antenna port transmission‘
mode.

[1071] The DCI format 1A can be wused for PDSCH
scheduling no matter what transmission mode is applied.
[108] The DCI format can be applied separately for
each UE, and PDCCHs for multiple UEs can be multiplexed
within one subframe. A PDCCH is formed by aggregation of
one or a few consecutive control channel elements (CCEs). A
CCE is a.logical allocation unit used for providing a PDCCH
with a coding rate according to the state of a radio
channel. One REG comprises four REs, and one CCE comprises
nine REGS. Tb‘fbfm one PDCCH;V{l} é,.4> 8} CCEéAcahrbe uséé;
and each element of the set {1, 2, 4, 8} is called a CCE
aggregation level. The number of CCEslused for transmission
of a particular PDCCCH is determined by the eNB according
to the channel condition. The PDCCH established according
to. each UE is mapped being interleaved to the control
channei region of each subframe according to a CCE-to-RE
mapping rule. The position of the PDCCH can be varied
according to the number of OFDM symbols for a control

channel of each subframe, the number of PHICH groups,
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transmission antenna, and frequency transition.

[109] | As described above, channel coding 1is applied
independently to the PDCCH of each of the multiplexed UEs,

and cyclic redundancy check (CRC) is applied. The CRC is
masked with a unique identifier (ID) of each UE so that the
UE can receive its PDCCH. However, the eNB does not inform
the UE about the position of the corresponding PDCCH in the
control region allocated within a subframe. Since the UE is
unable to get information about from which position and at
which CCE aggregation level or in which DCI format the UE’s
PDCCH is transmitted to receive a control <channel
transmitted from the eNB, the UE searches for its PDCCH by
monitoring a set of PDCCH candidates within the subframe.

The above operation is called blind decoding (BD). Blind
decoding can be also called blind detection or blind search.
The blind'decoding refers to the method with which the UE
demasks the UE ID in the CRC section and checks any CRC
error to determine whether the corresponding PDCCH is the

UE’s control channel.

[110] In what follows, described will be the
information transmitted through the DCI ermat 0.

[111] FIG. 8 illustrates a structure of DCI format 0
in a wireless communication system to which the present

invention can be applied.
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in an uplink cell.
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The DCI format 0 is used for scheduling a PUSCH

[113] Table 2 shows the information transmitted
through the DCI format 0.
[114] [Table 2]
Format 0 (Release 8) Format 0 (Release 10)
Carrier Indicator (CIF)

Flag for format O0/format 1A

Flag for format O0/format 1A

differentiation differentiation

Hopping flag (FH) Hopping flag (FH)

Resource Dblock assignment | Resource block assignment
(RIV) (RIV)

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)
Downlink Assignment  Index |Downlink Assignment Index
(DAT) (DATI)
CSI request (1 bit) CSI request (1 or 2 bits: 2
bit is for multi carrier)
SRS request
Resource allocation type
) | (RaT) -
[115] With reference to FIG. 8 and Table 2, the

information transmitted through the DCI format 0 is as

follows.
[116] 1) Carrier indicator - consists of 0 or 3 bité.
(117] 2) Flag for identifying the DCI format 0 and

format 1A - consists of 1 bit, where 0 indicates the DCI

_format 0 and 1 indicates the

[118] 3)

DCI format 1A.

Frequency hopping flag - consists of -1 bit.

This field can be used to allocate the most significant bit
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(MSB) of the corresponding resource allocation for multi-

cluster allocation depending on the needs.

[119] Resource block assignment and hopping resource

DL, »7DL
allocation - consists of hOgﬂA%B(Nm3+D/2ﬂ bits.
[120] In the case of PUSCH hopping for single-cluster

allocation, NUL _hop MSBs are used to obtain the value of

e () [ﬂogz(NR”é W +1)/2)] —NUL_hop) , ,
PREV/ . The bit provides resource

allocation of the first slot within an uplink subframe.

Also, in case there is no PUSCH hopping for single-cluster

| e (log.vi vi +0/2)] )

allocation, bit provides resource

allocation within the uplink subframe. Also, in case there
is no PUSCH hopping for multi-cluster allocation, resource
" allocation information is obtained from concatenation of a

frequency hopping flag, resource block allocation, and

[we ; P+ Jm

bit provides resource allocation within the uplink subframe.

hopping resource allocation field; and the (

At this time, the P value 1is determined by the number of

downlink resource blocks.

[121] 5) Modulation and coding scheme - consists of 5
bits.

[122] . 6) New data indicator - consists of 1 bit.

[123] 7) Transmit power control command for PUSCH -

consists of 2 bits.
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[124] 8) 1Index of cyclic shift for demodulation
reference signal (DMRS) and orthogonal cover/orthogonal
cover code (OC/0OCC) - consists of 3 bits.

[125] 9) Uplink index - consists of 2 bits. This
field is defined only for the TDD operation according to
uplink-downlink configuration 0.

[126] 10) Downlink assignment index (DAI) - consists
of 2 bits. This field is defined only for the TDD operation
according to uplink-downlink configuration 1 to 6.

{127] 11) Channel state information (CSI) request -
consists of 1 bit or 2 bits. At this time, a two-bit field
is applied only when the corresponding DCI is mapped to the
UE, for which one or more downlink cells are configured, by
Cell-RNTI (C-RNTI) in a UE-specific manner.

[128] 12) Sounding reference signal (SRS) request -
consists of 0 or 1 bit. At this time,‘this field is defined
only when a scheduling PUSCH is mapped by the C-RNTI in a

UE-specific manner.

[129] 13) Resource allocation type - consists of 1
bit.
[130] In case the number of information bits within

the DCI format 0 is smaller than the payload size of the
DCI format 1A (including a padding bit), 0 is added to the
DCI format 0 so that the number of information bits is

equal to the payload size of the DCI format 1A.
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[131] Physical Uplink Control Channel (PUCCH)

[132] A PUCCH carries various types of uplink control

information (UCI) as follows according to the format.

[133] - Scheduling request (SR): information used for

requesting uplink UL-SCH resources. An on-off keying method
is used for tfansmission of an SR.

[134] - HARQ ACK/NACK: a response signal Qith respect
to downlink data packet on a PDSCH. HARQ ACK/NACK indicates

whether a downlink data packet has been successfully
received. In response to a single downlink codeword,

ACK/NACK 1 bit 1is transmitted, and in response to two
downlink codewords, ACK/NACK 2 bits are transmitted.

[135] - Channel state information (CSI): feedback
information about a downlink channel. CSI includes at least
one of-channel quality indicator (CQI), rank indicator (RI),
precoding matrix indicator (PMI), and precoding type
indicator (PTI). In what follows, for the convenience of
description, CQI is used to represent the various terms
above.

[136] A PUCCH can be modulated by BPSK (Binary Phase
Shift Keying) and QPSK (Quadrature Phase Shift Keying)

methods. antrol information of a plurality of UEs can be
transmitted through the PUCCH; in case code division

multiplexing (CDM) is carried out to identify individual
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signals of the ©UEs, a constant amplitude zero auto
correlation (CAZAC) sequence of length 12 1is usually
employed. Since a CAZAC sequence tends to keep a constant
amplitude in the time domain and the frequency domain, the
CAZAC sequence is useful for the UE to increase coverage by
reducing the UE’s peak-to-average power ratio (PAPR) or
cubic metric (CM). Also, the ACK/NACK information about
downlink data transmitted through the PUCCH is covered by
an orthogonal'sequence or an orthogonal cover (OC).

[137] .’ Also, control information transmitted on the
PUCCH éan be identified by a cyclically shifted sequence
which has a different cyclic shift value from the others. A
cyclicélly shifted sequence can be created by cyclically
shifting a base sequence by as many as a predetermined
cyciic shift amount. The amount of cyclic  shift is
specified by a CS index. The number of cyclic shifts
available can be varied according to a delay spread éf the
corresponding channel. Various types of sequences can be
used as a base sequence, and the aforementioned CAZAC
sequencé is one of the examples.

[138] Also, the amount of control information that
the UE can transmit from a subframe can be determined
accordi.ng to the number of SC-FDMA symbols available for
transmission of the control information (which indicates

SC-FDMA symbols excluding the SC-FDMA symbol used for
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transmission of a reference signal (RS) for coherent
detection of the PUCCH, but in the case of a subframe for
which a sounding reference signal (SRS) is set up, the last
SC-FDMA symbol of the subframe is also excluded).

[139] A‘ PUCCH 1is defined by 7 different formats
according to control information transmitted, a modulation
method used, the amount of control information, and so on.
Properties of the uplink control information  (UCI)
transmitted according to each PUCCH format can be

summarized as shown in Table 3.

[140] [Table 3]

PUCCH Format |Uplink Control Information (UCI)

Format 1 Scheduling Request (SR) (unmodulated

waveform)

Format 1la l-bit HARQ ACK/NACK with/without SR
| Format 1b 2-bit HARQ ACK/NACK with/without SR

Format 2 CQI (20 coded bits)

Format 2 CQI and 1- or 2-bit HARQ ACK/NACK (20 bits)

for extended CP only
CQI and 1-bit HARQ ACK/NACK (20+1 coded

Format 2a

bits) :

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

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

[141] With reference to Table 3, the PUCCH format 1

is used for exclusive transmission of a scheduling request
(SR). In the case of exclusive transmission of an SR, an
unmodulated waveform is applied.

[142] The PUCCH format 1la or 1b is used for
transmission of HARQ ACK/NACK (Acknowledgement /Non-

Acknowledgement) . In case the HARQ ACK/NACK is transmitted
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ekclusively in an arbitrary subframe, the PUCCH format la
or 1b can be used. HARQ ACK/NACK and SR may be transmitted
from the same subframe by using the PUCCH format la or 1b.
[143] The PUCCH format 2 is used for transmission of
CQI, and the PUCCH format 2a or 2b is used for transmission
of CQI and HARQ ACK/NACK. In the case of an extended CP,
the PUCCH format 2 may be used for transmission of CQI and
HARQ ACK/NACK.

[144] The PUCCH format 3 is: used to carry 48 bit
encoded UCI. The PUCCH format 3 can carry HARQ ACK/NACK
with respect to a plurality of serving cells, SR (in the

case it exists), and CSI report about each serving cell.

[145] FIG. 9 illustrates one example where PUCCH

formats are mapped to the PUCCH region of an uplink

physical resource block in a wireless communication system
to which the present invention can be applied.

[146] . A PUCCH with respect to one UE is allocated to
a resource block pair (RB pair) in a subframe. Resource
blocks‘belonging to a resource block pair occupy different
subcarriers in each of the first and the seéond slot. The
frequency band occupied by a resource block belonging to
the resource block pair allocated to a PUCCH‘is changed
with respect to a slot boundary. In this case, the resource

block pair allocated to the PUCCH is said to perform
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frequency hopping at slot boundaries. The UE, by
transmitting uplink control information through subcarriers
different with time, frequency diversity gain can be

obtained.

UL
NRB

[147] In FIG. 9, represents the number of

UL
resource blocks in uplink transmission, and 0, 1, .., Nm3—1

denotes the number assigned to a physical resource block.
By default, the PUCCH is mapped to both ends of an uplink
frequeﬁcy block. As shown in FIG. 9, the PUCCH format
2/2a/2b is mapped to the PUCCH region designated as m = 0,
1, which can be interpreted that the PUCCH format 2/2a/2b
is mapped to resource blocks located at band edges. Also,
the PUCCH format 2/2a/2b and the PUCCH format 1/la/lb can
be mapped being mixed together to the PUCCH region
designated as m = 2. Next, the PUCCH format 1/la/lb can be

mapped to the PUCCH region designated as m = 3, 4, 5. The

@)
number NEB of PUCCH RBs made available by the PUCCH format

2/2a/2b can be notified to the UEs within a cell through
broadcasting signaling.

[148] Table 4 shows a modulation method according to
a PUCCH format and the number of bits per subframe. In
Table 4, the PUCCH format 2a and 2b correspond to the case

of a normal cyclic shift.

[149] [Table 4]
42



WO 2016/010217

PCT/KR2015/000415

PUCCH Modulation Number of bits per subframe,
format scheme My,

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

[150] Table 5 shows the number of symbols of a PUCCH

demodulation reference signal per slot according to the

PUCCH format.

[151] [Table 5]

PUCCH format | Normal cyclic prefix | Extended cyclic prefix
1, la, 1b 3 2 ‘

2, 3 ]2 1

2a, 2b 2 N/A

[152] Table 6 shows SC-FDMA:- symbol position of a

PUCCH demodulation reference signal according to the PUCCH
format. In Table 6, lrepresents a symbol index.

[153] [Table 6)

/
PUCCH format Set of values for

Normal cyclic prefix | Extended cyclic prefix
1, la, 1b 2, 3, 4 2, 3
2, 3 i, 5 3
2a, 2b 1, 5 N/A
[154] In what follows, the PUCCH format 2/2a/2b will

be described.

[155] | The PUCCH format 2/2a/2b is wused as CQI

feedback (or ACK/NACK transmission along with CQI feedback)
with respect to downlink transmission. In order for the CQI

and ACK/NACK signal to be transmitted together, the
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ACK/NACK signal may be transmitted being embedded in the
CQI RS (in the case of a normal CP) or transmitted after
the CQI and ACK/NACK signal are jointly coded (in the case

of an extended CP).

[156] FIG. 10 illustrates a structure of a CQI
channel for the case of a normal CP in a wireless
communication system to which the present invention can be
applied.

[157] Among SC-FDMA symbols 0 to 6 in one slot, SC-.
FDMA symbol 1 and 5 (the second and the sixth symbol) are
used for transmission of a demodulation reference signal
(DMRS), and the remaining SC-FDMA symbols are used to
transmit CQI information. Meanwhile, in the case of an
extended CP, one SC-FDMA symbol (SC-FDMA symbol 3) is used
for DMRS transmission..

[158] The PUCCH format 2/2a/2b supports modulation
based on a CAZAC sequence, and a QPSK-modulated symbol is
multiplied with a CAZAC sequence of length 12. The cyclic
shift of the sequence is changed between a symbol and a
slot. Orthogonal covering is used for a DMRS.

(1591 Among 7 SC-FDMA symbols included in one slot,
two SC-FDMA spaced apért from each other by three SC-FDMA
symbols carries the DMRS, and the remaining 5 SC-FDMA

symbols carry CQI information. The scheme of using two
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reference signals in éne slot is intended to support high-
speed UEs. Also, each UE is identified on the basis of a
cyclic shift sequence. The CQI information symbols are
transmitted being modulated with the entire SC-FDMA symbols,
and each SC-FDMA symbol comprises one sequence. In other
words, each UE modulates the CQI and transmits the
modulated CQI to each sequence.

[160] The number of symbols that can be transmitted
to one TTI is 10, and modulation of CQI information is
predetermined to use QPSK modulation. The first 5 symbols
are transmitted from the first slot, and the remaining 5
symbols are transmitted from the second slot. In case QPSK
mapping is used with respect to the SC-FDMA symbol, CQI
value of two bits can be dealt with; therefére, each slot
can carry CQI value of 10 bits. Accordingly, a maximum of
75;EIE§“can be used for each subframe to carry the CQI
value. In orxder to spread the CQI information in the
frequency domain, fggquency domain spreading code is used.
[161] | For frequency domain spreading code, a CAZAC
sequenée of length 12 (for example, zc sequence) can be
used.'Each control channel can be identified by applying
the CAZAC sequence with‘ai different cyclic shift value.
Inverse fast fourier transform (IFFT) is carried out for
frequency domain spread CQI information. |

[162] Twelve different UEs can be orthogonally

45



WO 2016/010217 PCT/KR2015/000415

multiplexed on the same PUCCH RB by cyclic shift having 12
equivalent intervals. In the caée of normal CP, the DMRS
sequence on the SC-FDMA symbol 1 and 5 (in the case of
extended CP, on the SC-FDMA symbol 3) is similar to the CQI
signal sequence 1in the frequency domain, but the same
modulation as done for the CQI information is not applied.

[163] A UE can be configured semi-statically by upper
layer signaling to report different CQI, PMI, and RI types
periodically on the PUCCH resources designated by the PUCCH

, ALB) Q) 05 _ ,
resource index ("puccH  "puCCH  "PUCCH) , At this time, the PUCCH

(2,p)
resource index ( "PUCCH ) corresponds to the information
indicaﬁing the PUCCH region used for PUCCH format 2/2a/2b
transmission and a cyclic shift (CS) wvalue to be used.

[164] Table 7 shows an orthogonal sequence (OC)
—(p) i —(p) PUCCH _ s
hp(m W (Nrs lﬂ for an RS defined by the PUCCH format

2/2a/2b/3.

[165] [Table 7]

[166] Next, the PUCCH format vl/la/lb will  Dbe
described.
[167] FIG. 11 illustrates a structure of an ACK/NACK

channel for the case of a normal CP 1in a wireless

communication system to which the present invention can be
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[168] FIG. 11 illustrates a channel structure of a
PUCCH intended for transmission of HARQ ACK/NACK signal
without using CQI.

[169] The confirmation response information (not
scrambled) of 1 bit and 2 bits can be represented by a
single HARQ ACK/NACK modulation symbol by using BPSK and
QPSK modulation scheme, respectively. Acknowledgement can
be encoded as ‘'l’ while non-acknowledgement can be encoded
as ‘0’.

[170] ’ When a control signal is transmitted within an
allocated{ band, two-dimensional spreading is applied to
increase multiplexing capacity. In other words, to increase
the number of UEs or contrel channels that can Dbe
multiplexed, frequency and time domain spreading are
applied»ét the same time.

(171] In order to spread the ACK/NACKvsignal in the
frequency domain, a frequency domain sequence is used as a
base sequence. For a frequency domain sequence, Zadoff-Chu
(ZC) sequence, which.is one of the CAZAC sequence, can be
used.

[172] . In other words, for the case of the PUCCH
.fofmat la/1b, the symbol modulated by using BPSK or QPSK

scheme is multiplied with a CAZAC sequence (for example, ZC
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séquence) of length 12. For example, a modulation symbol
d(0) is multiplied with the CAZAC sequence of length N,
r(n), where n = 0, 1, 2, .., N-1, to provide y(0), y(1),
y(2), .., y(N-1). The y(0), y(1), .., y(N-1) symbols can be
called a block of symbols,

[173] In this way, as a different cyclic shift (CS)
is applied to the base sequence, ZC sequence, multiplexing
of différent UEs or control channels can be implemented.
The number of CS resources supported by SC-FDMA symbols
meant for PUCCH RBs to transmit the HARQ ACK/NACK signal is

set by the cell-specific, upper-layer signaling parameter

PUCCH
Ashiﬂ .

[174] After multiplication of a modulation symbol
with the CAZAC sequence, block-wise spreading employing an
orthogonal sequence is applied. »In other words, the
ACK/NACK signal spread in the frequency domain is spread in
the time domain by using the orthogonal spreading code. As
the orthogonal spreading code (or orthogonal cover sequence)
or orthogonal cover code {(OCC), the Walsh-Hadamard sequence
or Discrete Fourier Transform (DTF) sequence can be used.
For example, the ACK/NACK signal can be spread through an
orthogonal sequence of 1length 4 (w0, wl, w2, w3) with
respecﬁx to fouf symbols. Also, the RS is also spread
thréugh an orthogonal sequence of length 2 or 3. And the

above operation is called orthogonal covering (OC).
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or CDM of

a

demodulation reference signal, orthogonal covering based on

the Walsh mode or DRF matrix can be used.

P

[176] A DFT matrix is an N x N square matrix (where N

is a natural number).

[177] A DFT matrix can be defined as shown in Eq.
[178] [Eq. 1]
R
., w
W = ——,_T):
N ! g k=0, N-1

[179] Equation 1 can be represented as a

as shown in Eq. 2.

1.

matrix form

[180] [Eq. 2]

1 1 1 1 . 1

1 w w? w* . w1

1 |1 w? w? wt . w1
W == ,__N 1 P Wb w? . R G A VI I

1 owN-1 L2W-1)  3(N-1) WIN-DIN 1)

L. . i

—2z ‘
[181] Ww=¢€ N 1in Eg. 2 denotes the primitive N-th
root of unity.
[182] A 2-point, 4-point, and 8-point DFT matrix are

shown in Egs. 3, 4, and 5, respectively.

[183] [Eq. 3]
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)

[184] [Eq. 4]
1 1 1 1]
W 1 11 — -1 3
\/Z; 1 -1 1 -1
L‘1 2 —1 -2
[185] [Eq. 5]
WO P WL WO
O oWt ow? oL, W7
0 w? oWt L Wt
1 W Wt w2l
W = -—\/g o0t WP W2
W0 W Wt? s
LR S T 49
.. [186]1.. .  In the case -of a normal- CP, -3 consecutive SC-

FDMA symbols located in the middle of the 7 SC-FDMA symbols
included within one slot carry the reference signal (RS),
and the remaining 4 SC-FDMA symbols carry the ACK/NACK
signal. On the other hand, in the case of an extended CP, 2
consecutive symbols in the middle thereof can carry the RS.
The number and the position of the symbols used for the RS
can be varied according to a control channel, and the
number and the position of the symbols wused for the

ACK/NACK signal can also be changed according to the
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control channel.

[187] For the case of normal ACK/NACK information,
the Walsh-Hadamard sequence of length 4 is used, and for
the case of shortened ACK/NACK information and réference
signal (RS), the DFT sequence of length 3 is used.

[188] For the reference signal (RS) in the case of
the extended CP, the Hadamard sequence of length 2 is used.

[189] Table 8 shows an orthogonal sequence (0C)

. PUCCH _
hW) w(Nsr l)]of length 4 for the PUCCH format 1la/lb.

[190] [Table 8]

Sequence index | Orthogonal sequences

D (n,) b - wovgveer —p]

0 [+1 +1 +1 +1]

1 [+1 -1 +1 -]

2 [+1 -1 -1 +1]

(191] Table 9 shows an orthogonal sequence
PUCCH _ : .

ooy - wovg | 1)]of length 3 for the PUCCH format la/1b.

[192] [Table 9]

Sequence index | Orthogonal sequences

D n,) by - wavgyeer ] |

0 ( | 1]

1 [1 /273 ej47r/3]

2 [1 /43 ejzn/s]

[193] Table 10 shows an orthogonal sequence (0C)

5 (P) —(P) ¢ yPUCCH _ .

FP@ - P 1)]for the RS for the PUCCH format 1/la/1b.

[194] [Table 10]
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Sequence index | Normal cyclic | Extended ~ cyclic
Efk%) prefix prefix

0 1 1]

1 [1 o273 ef4”/3] [1 _1]

2 [1 43 ej27r/3] N/A

[195] As described above, a plurality of UEs can be

multiplexed through code division multiplexing (CDM) scheme
by using the CS resource in the frequency domain but OC
resource in the time domain. In other words, the ACK/NACK
information and RS for a large number of UEs can be
multiplexed on the same PUCCH RB.

[196] With respect to the time domain spreading CDM,
the number of sbreading codes supporting the ACK/NACK
‘information is limited by the number of RS symbols. In
other words, since the number of SC-FDMA symbols for RS
transmission is smaller than the number of SC~FDMA symbols
for. _ACK/NACK. . information .- transmission,; - multiplexing
capacity of RS Dbecomes smaller than that of ACK/NACK
ianrmation.

[197] For example, 1in the case of a normal CP,
ACK/NACK‘information can be transmitted ffom 4 symbols. In
ﬁhe case of an extended CP, 3 orthogonal spreading codes
rather than 4 canvbe used for the ACK/NACK information;
this is so because'the number of RS transmission symbols is
limited to 3 and only three orthogonal spreading codes can

be used for the RS.
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[198] Suppose in a subframe with a normal CP, 3
symbols from one slot are used for RS transmission and 4
symbols are used for ACK/NACK information transmission. If
6 cyclic shifts are available in the frequency domain and 3
orthogonal cover resources in the time domain can be used,
the HARQ confirmation responses from a total of 18
different UEs can be mwmultiplexed within one PUCCH RB.
Similarly, suppose in a subframe with an extended CP, 2
symbols from one slot are used for RS transmission and 4
symbols are used for ACK/NACK information transmission. If
6 cyclic shifts are available in the frequency domain and 2
orthogénal cover resources in the time domain can be used,
the HARQ confirmation responses from a total of 12
différen; UEs can be multiplexed within one PUCCH RB.

[199] ‘Next, the PUCCH format 1 will bé.described. A
sScheduling request (SR) is transmitted in such a way that a
UE may or may not request scheduling. An SR channel re-uses
the ACK/NACK channel structure for the PUCCH format la/lb
and configured according to the On-0Off Keying (OOK) scheme
based on the ACK/NACK channel design. A reference signal is
not transmitted through the SR channel. Therefo?e, in the
case of a normal CP, a sequence of length 7 is used while
in the case of an extended CP, a sequence of length 6 is
used. For the SR and ACK/NACK, a different cyclic shift or

orthogonal cover can be allocated.
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[200] FIG. 12 illustrates a method for multiplexing
ACK/NACK and SR in a wireless communication system to which
the present invention can be applied.

[201] The structure of the SR PUCCH format 1 is the
same as the structure of the ACK/NACK PUCCH format la/lb of
FIG. 12.

[202] A  scheduling request (SR) is transmitted
through the OOK scheme. More specifically, the UE transmits
an SR which has a modulation symbol d(0) = 1 to request
PUSCH resources (positive SR) but transmits nothing if not
requesting scheduling (negative SR). .Since the PUCCH
structure for ACK/NACK 1is re-used for SR, different
resource indices within the same PUCCH region (namely,
combinations of different cyclic shifts and orthogonal
codes) can be allocated to the SR‘kPﬁCéH4f6fmat'if df HARQ
ACK/NACK (PUCCH format 1la/lb). The PUCCH resource index to
be used by the UE for SR transmission is set by UE-specific
upper layer signaling.

[203] In case the UE needs to transmit a positive SR
from a subframe scheduled for CQI transmission, the UE is
allowed’to drop CQI and to transmit the SR only. Similarly,
if the UE needs to transmit the SR and the SRS at the same
time, the UE is allowed to drop the CQI and to transmit the

SR only.
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[204] In case the SR and the ACK/NACK are generated

in the same subframe, the UE transmits the ACK/NACK signal

on the SR PUCCH resource allocated for positive SR. In the

case of negative SR, the UE transmits the ACK/NACK signal

on the ACK/NACK resources allocated.

[205] FIG. 12  shows consteilation mappihg for

simultaneous transmission of an ACK/NACK signal and an SR.

More specifically, FIG. 12 illustrates that NACK signal (or,
in the case bf two MIMO codewords, NACK, NACK) is mapped

being modulated to  +1. Accordingly, occurrence  of

discontinuous transmission (DTX) is treated as NACK.

[206] For SR and persistent scheduling, the ACK/NACK

resources comprising CS, 0OC, and physical resource blocks

(PRBs) can be allocated to the UE through radio resource

control (RRC). On the other hand, for the purpose of

dynamic ACK/NACK transmission and non-persistent scheduling,
ACK/NACK resources can be allocated implicitly to the UE

through the lowest CCE index of the PUCCH corresponding to

the PDSCH.

[207] The UE can transmit the SR if resources for
uplink data ;ransmission are needed. In other words,

transmission of the SR is event-triggered.

[208] | The SR PUCCH resources are configured by upper

layer signaling except for the case the SR is transmitted

together with the HARQ ACK/NACK by using the PUCCH format 3.
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In_othef wordéLtthé SR PUCCH resources are configured by
the B  Schedu1éingRequestConfig ' information element
transmittéd through the radio resource control (RRC)
message (for exémpie, an RRC connection reconfiguration
message) .

[209] ~ Table li¢ shows the ScheduleingRequestConfig

information element.

[210] [Table 11]

[211] . ‘'Table 12 shows the fields included in the

dar

‘ScheduiﬁngRequéStCthig information element. | :

[212] [Table 12]

Schedulithequestcénfig field descriptions

dsr-TransMax ,
Parameter for SR transmission. n4 represents four times of
transmission, n8 eight times of transmission, and so on.

56



WO 2016/010217 PCT/KR2015/000415

SchedulingRequestConfig field descriptions

sr-ConfigIndex

Parameter (Lm). 156 and 157 values are not defined in the release
8.

sr-PUCCH-ResourceIndex, sr-PUCCH-ResourceIndexPl1

(Lp)
Parameters for antenna port p0 and 01, respectively (PUCCHSRI) —E_
UTRAN configures sr~PUCCH-ResourceIndexPl only when sSr-
PUCCHResourceIndex is set up.

[213] With reference to FIG. 12, the UE receives sr-

PUCCH-ResourceIndex parameter for SR transmission through

an RRC message and sr-ConfigIndex parameter ( Lse )

indicating the SR configuration index. The sr-ConfigIndex

a i e whi indicates
arameter can be used to configur SRpgriopiCITY hich d t

the pefiod at which the SR is transmitted and VOFSELSR which
indicates a subframe from which the SR is transmitted. In

other words, the SR 1is transmitted from a particular

subframe repeated periodically according to Tse given by the
upper layer. Also, subframe resources and CDM/FDM
(Frequency Division Multiplexing) resources can be

allocated to the resources for SR.
[214] Table 13 iepresents an SR transmission period

and an SR subframe offset according to an SR configuration

index.

[215] [Table 13]

SR - configuration| SR periodicity | SR subframe
Index (ms) ' offset

1 SR SRPERIODICITY . N, OFFSET,SR

0 - 4 5 I
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5 - 14 10 Iy -5

15 - 34 20 I —15

35 - 74 40 I, =35

75 - 154 80 I =75

155 - 156 2 I —155

157 1 I —157

[216] Buffer Status Reporting (BSR)

[217] FIG. 13 illustrates an MAC PDU used by an MAC

entity in a wireless communication system to which the
present invention can be applied.

[218] With reference to FIG. 13, the MAC PDU includes
an MAC header, at least one MAC service data unit (SDU),
and at least one MAC control element; and may further
comprise padding. Depending on the situation, at least one
of the MAC SDU and the MAC control element may not be
included in the MAC PDU.

[219] As shown in FIG. 13, the MAC control element
usually precedes the MAC SDU. And the size of the MAC
control element can be fixed or varied. In case the size of
the MAC control element is variable, whether the size of
the MAC control element has been increased can be
determined through an extended bit. The size of the MAC SDU
can aléo be varied.

[220] The MAC header can include at least one or more
sub-headers. At this time, at least one or more sub-headers

included in the MAC header correspond to the MAC SDU, MAC

58



WO 2016/010217 PCT/KR2015/000415

control element, and padding, respectively, which the order
of the sub-headers is the same as the disposition order of
the corresponding elements. For example, as shown in FIG.
10, if the MAC PDU includes an MAC control element 1, an
MAC control element 2, a plurality of MAC SDUs, and padding,
sub-headers can be disposed in the MAC header so that a
sub-header corresponding to the MAC control element 1, a
sub-header corresponding to the MAC control element_2, a
plurality of sub-headers corresponding respectively to the
plurality of MAC SDUs, and a sub-header corresponding to
padding can be disposed according to the qorresponding
order.

[221] The sub-header included in the MAC header, as
shown in FIG. 10, can include 6 header fields. More
specifically, the sub-header can include 6 header fields of
‘R/R/E/LCID/F/L.

[222] As shown in FIG. 10, for the sub-header
corresponding to the MAC control element of a fixed size
and the sub-header corresponding to the last one among the
data fields included in the MAC PDU, sub-headers including
4 header fields can be used. Thereforé, in case a sub-

header includes 4 fields, the four fields can be R/R/E/LCID.

[223] FIGs. 14 and 15 illustrate a sub-header of an

MAC PDU in a wireless communication system to which the
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present inventipn can be applied.

[224] In the followinQ, each field is described with
reference to FIGs. 14 and 15.

[225] . 1) R: Reserved bit, not used.

[226] 2) E: Extended bit, indicating whether the
element corresponding to a sub-header is extended. For
example, if E field is ‘'0’, the element corresponding to
the sub-header is terminated without repetition; if E field
is '1l’, the element corresponding to the sub-header 1is
repeated one more time and the length of the element is
increased twice of the original length.

[227] 3) LCID: Logical Channel Identification. This
field is used for identifying a logical channel
corresponding to the MAC SDU or identifying the
corresponding MAC control element and padding type. If the
MAC SDU is related to a sub-header, this field then
indicates a logical channel which the MAC SDU corresponds
to. If the MAC control element is related to a sub-header,

then this field can describe what the MAC control element

is like.
[228] Table 14 shows the LCID values for DL-SCH.
[229] . [Table 14]
Index LCID values
00000 CCCH
00001-01010 Identity of the logical channel
01011-11001 Reserved
11010 Long DRX Command
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11011 Activation/Deactivation
11100 UE Contention Resolution Identity
11101 Timing Advance Command
11110 DRX Command
11111 Padding
[230] Table 15 shows LCID values for UL-SCH.
[231] [Table 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
[232] In the LTE/LTE-A system, a UE can report its

buffer state to the network by setting an index value for
any of a truncated BSR in the LCID field, a short BSR, and
a long'BSR.

[233]> » The index values and a méppihg relationship of
the LCID values of Tables 14 and 15 are shown for an
illustfative purpose, and the present invention is not

limited to the example.

[234] 4) F: Format field. Represents the size of the
L field
[235] 5) L: Length field. Represents the size of the

MAC SDU corresponding to a sub-header and the size of the
MAC control element. If the size of the MAC SDU

corresponding to a sub-header or the size of the MAC

61



WO 2016/010217 PCT/KR2015/000415

control element is equal to or smaller than 127 bits, 7
bits of the L field can be used (FIG. 14(a)) and 15 bits of
the L field can be used for the other cases (FIG. 14 (b)).
In case the size of the MAC control element varies, the
size of the MAC control element can be defined through the
L field. In case the size of the MAC control element is
fixed, the F and the L field may be omitted as shown in FIG.
15 since the size of the MAC control element can be
determined. without defining the size of the MAC control

element through the L field.

{236] FIG. 16 illustrates a format of an MAC control
element for reporting a buffer state in a wireless
communication system to which the present invention can be
applied.

[237] In case the truncated BSR and short BSR are
defined in the ©LCID field, the MAC control element
corresponding to a sub-header can be configured to include
a logical channel group identification (LCG ID) field and a
buffer size field indicating a buffer state of the logical
channel group as shown in FIG. 16(a). The LCG ID field is
intended to identify . a logical channel group to which to
report‘a buffer state and can have the size of two bits.
[238] The buffer size field is intended to identify

the total amount of data available for all of the logical
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channels belonging to a logical channel group after the MAC
PDU is created. The available data include all of the data
that can be transmitted from the RLC layer and the PDCP
layer, and the amount of data is represented by the number
of bytes. The buffer size field can have the size of 6 bits.
[239] In case a long BSR is defined for the LCID
field of a sub-header, the MAC control element
corresponding to a sub-header can include 4 buffer size
fieldslindicating buffer states of the four groups having
LCG IDs ranging from 0 to 3 as shown in FIG. 16(b). Each
buffer size field can be used to identify the total amount

of data available for each logical channel group.

[240] Carrier Aggregation in General

[241] Communication environments considered in the
émbodiments of the present invention includes all of multi-
carrier supporting environments. In other words, a multi-
carrier system or a carrier aggregation system according to
the present invention refers to the system utilizing
aggregation of one or more component carriers having
bandwidth narrower than target bandwidth to establish a
broadband communication environment.

[242] A multi-carrier according to the present
invention refers to aggregation of carriers, and the

carrier aggregation in this sense refers to not only the
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aggregation of contiguous carriers but also the aggregation
of non-contiguous carriers. Also, the numbers of component
carriers aggregated for downlink and uplink transmission
can be set differently from each other. The case where the

number of downlink component carriers (hereinafter, it is

called ‘DL CC’) 1is the same as the number of uplink
component carriers (hereinafter, it is called ‘UL CC’) is
called symmetric aggregation, whereas it is called

asymmetric aggregation otherwise. The term of carrier
aggregation may be used interchangeably with bandwidth
aggregation and spectrum aggregation.

[(243] Carrier aggregation composed of a combination
of two or more component carriers is intended to support
bandwidth of up to 100 MHz for the case of the LTE-A system.
Wheﬁ one or more carriers having narrower bandwidth than
target bandwidth are combined, thé bandwidth of the carrier
to be combined can be limited to the bandwidth defined by
an ~existing system to maintain compatibility with the
existing IMT system. For example, while the existing system
supports bandwidth of 1.4, 3, 5, 10, 15, and 20 MHz, the
3GPP LTE-A system can support bandwidth 1arge£ than 20 MHz
by using a combination of the predefined bandwidth to
maintain compatibility with the existing system. Also, a
carrier aggregation system according to the present

invention may support carrier aggregation by defining new
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bandwidth ihdependently of the bandwidth used in the
existing system. |

[244] The LTE-A system introduces a concept of a cell
for management of radio resources.

[245] ' The carrier aggregation environment can Dbe
referred to as a multiple cell environment. A cell is
defined as a combination of a pair of a DL CC and an UL CC,
but the UL CC is not an esseﬁtial element. Therefore, a
cell can be composed of downlink resources only or a
combination of downlink and uplink resources. In case a
particular UE is linked to only one configured serving cell,
one DL, CC and one UL CC are employed. However, if the
particﬁlar UE is linked to two or more configured serving
cells, as many DL CCs as the number of cells are employed
while the number of UL CCs can be equal to or smaller than
the number of DL CCs. '

[246] Meanwhile, the DL CCs and the UL CCs can be
composed in the opposite way. In other words, in case a
particular UE is linked to a plurality of configured
serving cells, a carrier aggregation environment which has
more UL CCs than DL CCs can also be suppdrted. In other
words, carrier aggregation can be understood as a
combination of two or more cells having different carrier
frequencies (center frequencies of the ceils). At this time,

the term of ‘cell’ should be distinguished from the ‘cell’
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usually defined as a region covered by an eNB.

[247] The LTE-A system defines a primary cell (PCell)
and a secondary cell (SCell). A PCell and an SCell can be
used as a serving cell. A UE being in an RRC_CONNECTED
state but not being configured for éarrier aggregation or
not supporting carrier aggregation can be linked to one or
more serving cells, and the entire serving cells include a
PCell and one or more SCells.

[248] A serving «cell (PCell and SCell) can be
configured through an RRC parameter. PhysCellId is a
physical layer identifier of a cell, having an integer
value ranging from 0 to 503. SCellIndex 1is a short
identifier used for identifying an SCell, having an integer
value ranging from 1 to 7. SeerellIndex is a short
identifier used for identifying a serving cell (PCell or
SCell), having an integer value ranging from 0 to 7. The
value of 0 is applied to a PCell, and SCelllIndex is pre-
assigned to be applied to an SCell. In other words, the
cell which. has the smallest cell ID (or cell index) of
ServCellIndex becomes the PCell.

[249] A PCell refers to a cell operating on a primary
frequency (or a primary CC). A PCell can be used for an UE
to carry out initial connection establishment or connection
re-establishment; a PCell may refer to the cell indicated

during a handover procedure. Also, a PCell refers to the
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cell which plays a central role for control-related
communication among configured serving cells in a carrier
aggregation environment. In other words, a UE is capable of
receiving and transmitting a PUCCH only through its own
PCell; also, the UE can obtain system inforhation or modify
a monitoring procedure only through the PCell. The E-UTRAN
(Evolved Universal Terrestrial Radio Access Network) may
change only the PCell by wusing an RRC connection
reconfiguration message (RRCConnectionReconfiguration) of
an upper layer including mobility control information
(mobilityControlInfo) so that the UE supporting carrier
aggregation environments can carry out a handout procedure.
[250] An SCell refers to a cell operating on a
secondary frequency (or a secondary CC). For a particular
UE, only one PCell is allocated, but one or more SCells can
"be allocated. An SCell can be composed éfter.configuration
for an RRC connection is completed and can be used to
provide additional radio resources. A PUCCH does not exist
iﬁ the remaining cells except for PCells among the serving
cells configured for a carrier aggregation environment,
namely, SCells. When adding an SCell to a UE supporting a
carrier aggregation environment, the E-UTRAN can provide
all of the system information related to the operation of a
cell in the RRC_CONNECTED state through a dedicated signal.

Modification of system information can be controlled
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according to release and addition of a related SCell, and
at this time, an RRC connection reconfiguration message
(RRCConnectionReconfiguration) message of an upper layer
can be used. The E-UTRAN, instead of broadcasting a signal
within an SCell, may carry out dedicated signaling using
parameters different for each UE.

[251] After the initial security activation process
is started, the E-UTRAN may form a network including one or
more SCells in addition to a PCell defined in the initial
step of a connectién establishment process. In a carrier
aggregation envirocnment, a PCell and an SCell can operate
as an independent component carrier. In the embodiment
below, a primary component carrier (PCC) can be used in the
same context as the PCell, while a secondary component

carrier (SCC) can be used in the same context as the SCell.

[252] FIG. 17 illustrates one example of a- component
carrier and carrier aggregation in a wireless communication
system to which the present invention can be applied.

[253] FIG. 17(a) shows a single carrier structure
defined in the LTE system. Two types of component carriers
are used: DL CC and UL CC. A component carrier can havé
frequency bandwidth of 20 MHz.

[254] FIG. 17 (b) shows a carrier aggregation

structure used in the LTE A system. FIG. 17(b) shows a case
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where ﬁhree component carriers having frequency bandwidth
of 20 MHz are aggregated. In this examplé, 3 DL CCs and 3
UL CCs are employed, but the number of DL CCs and UL CCs is
not limited to the example. In the case of carrier
aggregation, the UE is capable of monitoring 3 CCs at the
same time, capable of receiving a downlink signal/data and
transmitting an uplink signal/data.

[255] If a particular cell manages N DL CCs, the
network can allocated M (MSIN) DL CCs to the UE. At this
time, the UE can monitor only the M DL CCs and receive a DL
signal from the M DL CCs. Also, the network can assign
priorities for L (LSM<N) DL CCs so that primary DL CCs can
be allocated to the UE; in this case, the UE has to monitor
the L. DL CCs. This scheme can be applied the same to uplink
transmission.

[256] Linkage between a carrier frequency of downlink
resources (or DL CC) and a carrier frequency of uplink
resources (or UL CC) can be designated by an upper layer

message such as an RRC message or system information. For

example, according to the 1linkage defined by system

information block type 2 (SIB2), a combination of DL
resources and UL resources can be determined. More
specifically, the linkage may refer to a mapping

relationship between a DL CC through which a PDCCH carrying

an UL grant is transmitted and an UL CC that uses the UL
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grant; or a mapping relationship between a DL CC (or an UL
CC) through whichvdata for HARQ signal are transmitted and
an UL CC (or a DL CC) through which a HARQ ACK/NACK signal

is transmitted.

[257] Uplink Resource Allocation Procedure

[258] In the case of the 3GPP LTE/LTE-A system, a
method for data transmission and reception based on
scheduling of an eNB is used to maximize utilization of
radio resources. This again implies that in case a UE has
data to transmit, the UE requests the eNB to allocate
uplink resources in the first place and is capable of
transmitting data by using only the wuplink resources
allocated by the eNB.

[259] FIG. 18 illustrates an uplink resource
‘allocation procéss of a UE in a wireless communication
system to which the present invention can be applied.

[260] For efficient use of radio resources in uplink
transmission, an eNB needs to know which data and how much
of the data to transmit to each UE. Therefore, the UE
transmits to the eNB the information about uplink data that
the UE attempts to transmit directly, and the eNB allocates
uplink resources to the corresponding UE in accordance to
the UE’s transmission. In this case, the information about

uplink data that the UE transmits to the eNB is the amount
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of uplink data stored in the UE’s bﬁffer, which is called
buffer status report (BSR). When radio resources on the
PUSCH are allocated during a current TTI and a reporting
event is triggered, the UE transmits the BSR by using the
MAC control element.

[261] FIG. 18 (a) illustrates an uplink resource
allocation process for actual data in case the uplink radio
resources for buffer status reporting are not allocated to
the UE. In other words, in the case of a UE making a
transition from the DRX mode to an active mode, since no
data rgsources are allocated beforehand, the UE has to
request resources for wuplink data, starting with SR
transmission through the PUCCH, and in this case, an uplink
resource allocation procedure of five steps is employed. |
[262] FIG. 18(a) illustrates the case where the PUSCH
resources for transmitting BSR are not allocated to the UE,
and the UE first of all transmits a scheduling request (SR)
to the eNB to receive PUSCH resources S1801.

[263] The scheduling request is used for the UE to
request the eNB to allocate the PUSCH resources for uplink
transmission in case radio resourées are not scheduled on .
the PUSCH during a current TTI although a reporting event
has occurred. In other wqrds, when a regular BSR has been
triggered but uplink radio resources for transmitting the

BSR to the eNB are not allocated to the UE, the UE
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transmits the SR through the PUCCH. Depending on whether
the PUCCH resources for SR have been configured, the UE may
transmit the SR through the PUCCH or starts a random access
procedure. More specifically, the PUCCH resources through
the SR can be transmitted are set up by an upper layer (for
example, the RRC layer) in a UE-specific manner, and the SR
configuration include SR periodicity and SR sub-frame
offset information.

[264] If the UE receives from the eNB an UL grant
with respect to the PUSCH resources for BSR transmission
51803, the UE transmits the BSR to the eNB, which has been
triggered through the PUSCH resources allocated by the UL
grant S1805.

[265] By using the BSR, the eNB checks the amount of
data for the UE to actually transmit through uplink
transmission and transmits to the UE an UL grént with
respect to the PUSCH resources for transmission of actual
data S$1807. The UE, which has received the UL grant meant
for transﬁission of actual data, tranémits to the eNB
actual uplink data through the allocated PUSCH resources
S1809.

[266] FIG. 18 (b) illustrates an uplink resource
allocation process for actual data in case the uplink radio
resources for buffer status reporting are allocated to the

UE.
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[267] -FIG. 18(b) illustrates the case where the PUSCH
resources for BSR transmission have already been allocated
to the UE; the UE transmits the BSR through the allocated
PUSCH resources and transmits a scheduling request to the
eNB along with the BSR transmission S1811. Next, by using
the BSR, the eNB check the amount of data that the UE
actually transmits through  uplink transmission and
transmits to the UE an UL grant with respect to the PUSCH
resources for transmission of actual data S1813. The UE,
which has received an UL grant for transmission of actual
data, transmits actual uplink data to the eNB through the

allocated PUSCH resources S1815.

[268] | FIG. 19 illustrates latency 1in a C-plane
required in the 3GPP LTE-A system to which the present
invention can be applied. . |

[2609] With reference to FIG. 19, the 3GPP LTE-A
standara requires that transition time from the IDLE mode
(the state where an IP address is assigned) 'to the
connected mode is less than 50 ms. At this time, the
transition time includes setting time (which excludes S1
transmission delay time) for the user plane (U-Plane). Also,
the transition time from the dormant state to the active
staﬁe within the connected mode is required to be less than

10 ms.

73



WO 2016/010217 PCT/KR2015/000415

[270] Transition from the dormant state to the active

state can be generated according to the following four

scenarios.

[271] - Uplink initiated transition, synchronized
[272] - Uplink initiated transition,‘unsynchronized
[273] - Downlink initiated transition, synchronized
[274] - Downlink initiated transition, unsynchronized
[275] FIG. 20 illustrates transition time of a

synchrqnized UE from a dormant state to an active state
required in the. 3GPP LTE-A system to which the present
invention can be applied.

[276] FIG. 20 illustrates the previous three steps of
the uplink resource allocation procedure of FIG, 18 (the
case where uplink radio resources for BSR are allocated).
In the LTE-A system, delay time as showﬁ in Table 16 is
required for uplink resource allocation.

[277] . Table 16 shows transition time from the dormant
state to the active state initiated by uplink transmission

for a synchronized UE, required by the LTE-A system.

[278] [Table 16]

Compon Time

ent Description ' | [ms]

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
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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
[279] With reference to FIG. 20 and Table 16, an

average delay of 0.5 ms / 2.5 ms is required due to the
PUCCH period having 1 ms / 5 ms PUCCH cycle, and 1 ms is
-required for the UE to transmit SR. And the eNB requires 3
ms to decode the SR and to generate a scheduling grant, and
another 1 ms to transmit the scheduling grant. And the UE
requires 3 ms to decode the scheduling grant and to encode
uplink data in the L1 layer, and another 1 ms to transmit
the uplink data.

[280] Thus a total of 9.5/15.5 ms is required for the

UE to complete the process of transmitting uplink data.

[281] Random Access Channel (RACH) Procedure

[282] FIG. 2la and FIG. 21b illustrate one example of
a random access procedure in the LTE system.

[283] The random access procedure 1is carried out
during initial connection in the RRC IDLE state, initial.
connection after radio 1link failure, handover which
requires the random access procedure, and upon occurrence
of wuplink or downlink data requiring the random access

procedure while in the RRC _CONNECTED state. Part of the RRC
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message such as the RRC connection request message, cell
update message, and UTRAN registration area (URA) update
message 1is also transmitted through the random access
procedure. Logical channels such as a common control
channel (CCCH), dedicated control channel (DCCH), and
dedicated traffic channel (DTCH) can be mapped to a
physical channel, random access channel (RACH). The RACH is
mapped to a physical channel, physical random access
channel (PRACH) .

[284] If the MAC layer of the UE commands. the UE’s
physical layer to perform PRACH transmission, the UE’s
physical 1layer first selects one access slot and one
signature and transmits a PRACH preamble through uplink
transmission. The random access prodedure is divided into a
contention—based random access procedure and a non-
contention based raﬁddm access procedure.

[285] FIG. 21la illustrates one example of a
contention-based random access procedure, and FIG. 21b
illustrates one example of a non-contention based random
access procedure.

[286] First, the contention-based random access
procedure will be described with reference to FIG. 2la.
[287] The UE receives information about random access
from the eNB through system information and stores the

received information. Afterwards, 1in case random access is
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needed, the UE transmits a random access preamble (which is
also called a message 1) to the eNB S$2101.

[288] If the eNB receives a random access preamble
from the UE, the eNB transmits a random access response
message (which is also called a message 2) to the UE S$2102.
More specifically, downlink scheduling information about
the random access responée message, being CRC-masked with a
random access-ratio network temporary identifier (RA-RNTI),
can be transmitted on an L1 or L2 control channel (PDCCH).
The UE, which has received a downlink scheduling signal
masked with an RA-RNTI, can receive the random access
response message from a physical downlink shared channel
(PDSCH) and decode the received message. Afterwards, the UE
checks the random access response message as to whether
randomvaccess response information for the UE exists.

[289] ' The UE can determine existence of random accéss
response information by checking existence of a random
access preamble ID (RAID) with respect to the preamble that
the UE has transmitted.

[290] The random access response information includes
timing alignment (TA) indicating timing offset information
for synchronization, radio resource allocation information
used for uplink‘transmiésion, and a temporary C-RNTI for
identifying UEs.

[291] If receiving random access response information,
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the UE carries out wuplink transmission (which is also
called a message 3) to an uplink shared channel (UL-SCH)
according to radio resource allocation information included
in the response information S2103. At this time, uplink
transmission may be described as scheduled transmission.
[292] After receiving the uplink transmission from
the UE, the eNB transmits a message for contention
resolution (which is also called a message 4) to the UE
through a downlink shared channel (DL-SCH) S2104.

[293] Next, a non-contention based random access
procedure will be described with reference to FIG. 21b.
[294] Before the UE transmits a random access
preamble, the eNB allocates a non-contention random access
preamble to the UE S2111.

[295] The non-contention random access preamble can
be allocated  through a handover command or dedicéted
signaling such as signaling through the PDCCH. In case non-
contention random access preamble is allocated to the UE,
the UE transmits the allocated non-contention random access
preamble to the eNB S2112.

[296] Afterwards, similarly to the S2102 step‘of the
conteﬁtion-based random access procedure, the UE can
transmit a random access response (which is also called a
message 2) to the UE S2113.

[297] Although the HARQ is not applied for a random
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access response during the random access procedure
described above, the HARQ can be applied for wuplink
transmission with respect to a random access response or a
message for contention resolution. Therefore, the UE
doesn’t have to transmit ACK or NACK signal for the case of

the random access response.

[298] Uplink reference signal

[299] FIG. 22 1illustrates another example of a
structure of an uplink subframe.

[300] With reference to FIG. 22, the UE transmits a
sounding reference signal periodically or non-periodically
to estimate a channel for an uplink sub-band excluding the
band in which the PUSCH 1is transmitted or to obtain
information of a channel corresponding to the whole uplink
bandwidth (wide band). The period of SRS transmission is
determined through upper layer signaling; transmission of a
non-periodic sounding reference signal is specified by the
eNB by wusing the ‘SRS request’ field of the PDCCH
uplink/downlink DCI format or carried out as the eNB
transmits é triggering message; As shown in FIG. 22, the
region to which the souhding reference signal can be
traﬁsmitted within a subframe is the interval containing
the SC-FDMA symbol located at the last stition on the time

axis within the subframe. The sounding reference signals of
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various UEs transmitted to the last SC-FDMA symbol of the
same subframe can be identified according to the respective
frequencies. Different from the PUSCH, a sounding réference
signal does not carry out DFT (Discrete Fourier Transform)
calculations for conversion to an SC-FDMA symbol and is
transmitted without using a precbding matrix employed by
the PUSCH.

[(301] Likewise, the region to which a demodulation
reference signal (DMRS) is transmitted within a subframe is
the interval containing the SC-FDMA symbol located at the
center of each slot on the time axis and in the same way,
the DMRS is transmitted through a data transmission band in
the frequency domain. For example, for a subframe to which
a normal cyclic shift is applied, the DMRS is transmitted

from the 4-th SC-FDMA symbol and the 11-th SC-FDMA symbol.

[BOZj The DMRS can be combined with transmission of
the PUSCH or the PUCCH. The sounding reference signal is a
refereﬂce signal that the UE transmits to the eNB for
uplink scheduling. The eNB estimates an wuplink channel
through the received sounding reference signal and uses the
estimaﬁed uplink channel for wuplink scheduling. The
sounding reference signal is not combined with transmission
of the PUSCH or the PUCCH. The same type of a base sequence
can be used.for the DMRS and the sounding reference signal.

Meanwhile, the precoding matrix applied to the DMRS for
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uplink multi-antenna transmission can be the same as the

precoding matrix applied to the PUSCH.

[303] FIG. 23 illustrates a signal processing
procedure for transmitting an uplink reference signal.

[304] As shown in FIG. 23, data generate a signal in
the time domain and are transmitted through IFFT after
frequency mapping through a DFT precoder. On the other hand,
a reference signal does mnot go through the process
employing the DFT precoder. More specifically, right after
the reference signal is generated in the frequency domain
52310, the reference signal goes through a localized
mapping process S2320, an IFFT process S2330, and a cyclic
prefix attach process S2340 sequentially, after which the

reference signal is transmitted.

[305] FIG. 24 iilustrates a structure of a subframe
for transmitting demodulation reference signal (DMRS).

(3061 FIG. 24 (a) illustrates a structure of a
subframe for transmitting a DMRS for the case of a normal
CP, and FIG. 24(b) illustrates a structure of a subframe
for transmitting a DMRS for the case of an extended CP.
With reference to FIG. 24 (a), in the case of a normal CP, a
DMRS is transmitted through the 4-th and the 11-th SC-FDMA

symbols; with reference to FIG. 24(b), in the case of an
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extended CP, the DMRS is transmitted through the 3-rd and

the 9-th SC-FDMA symbol.

[307] Demodulation Reference Signal with respect to
PUSCH
[308] A reference signal with respect to the PUSCH is

determined as follows.

(4)
[309] The reference signal sequence rusel)  with

respect to the PUSCH corresponds to a layer index and

defined by the following Eq. 6.
[310] [Eq. 6]

) RS )
rIgU)SCH(m'Msc +”)=W( )(m)”lfff)(n)

1

m=20,1
. n=0,.,ME -1
[311] where m and n are given as 2 se , and
'MRS =MPUSCH
SC sC
[312] In case an upper layer parameter ‘Activate-

DMRS-with OCC’ is not set up or a temporary C-RNTI is used

for transmitting the DCI related to the most recent uplink

W(l)(m)

transmission, an orthogonal sequence is set so that

A 2 _ | .
[w ) w Uﬂ _D 1] to comply with the DCI format 0. On the
other hand, the orthogonal sequence may be set up as shown
in Table 17 according to a cyclic shift field included in

the DCI related to the most recent uplink transmission with
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respect to a transport block related to the transmission of

the corresponding PUSCH.

[w(i)(o) W(}')(l)]

[(313] represents an orthogonal sequence

: , AL . w*(0)
corresponding to a layer index ; 1in particular,

corresponds to a value applied to the first slot of the

(4)
layer index ﬂ', and " ) corresponds to a value applied to

the second slot of the layer index A

[314] Table 17 shows a correspondence relationship

between a cyclic shift field within the DCI related to

@ ] . (4)
. . . n w’ (0 1
uplink transmission and ~PMRSA ang [ © w ()].

[315]1 [Table 17]
nrtoaoct SR
format [3] A=0 | A=1|a=2{4=3| 4=0 | a=1 | a=2 | A=3
000 0 6 3 9 | [t ([t - [ph -1
001 6 0 9 3 (0 -1 (-] | La] [ Q4
010 3 9 8 0 | -1 [ -] (R {[Y
011 4 10 7 k] [ [ R [ R
100 2 8 5 "ol [t (] [ R4
101 8 2 11 5 |- [ -1 ([t - [R -]
110 10 | 4 1 A O VUS| Y [ [ | [ Y (RS |
111 9 3 0 6 [ 1] |t [ -1 [R -
[316] i The cyclic shift value %4 within the slot % is

ncs,l

defined by the following Eg. 7, and is defined as

shown in Eg. 8.
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[317] [Eq. 71

ai =27Z7’lcs,/1/12

[318] [Eq. 8]

1 2
Resa = (nl()l)vIRS + ”1()1\)/1Rs,,1 + npy (”s)>m0d12

7

)
[319] where "DMRS ig determined by an upper layer

parameter 'cyclicShift' and describes the correspondence

relationship between the parameter value shown in Table 18

o)
and ‘DMRS

[320] [Table 18]}

cyclicShitt | rS)

0

o

2

3

4
6
8
9

10

(2 ,
[321] "DMRS.A’ j& determined by a cyclic shift value for

the DMRS field within the DCI related to the most recent

uplink transmission of a transport block corresponding to
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@)

the transmission of the PUSCH, and PMRSZ yalue is shown in
Table 18.
[322] With reference to Table 18, in case a downlink

physical control channel (PDCCH) including the DCI related
to uplink transmission is not transmitted on the same
transmission block, or in case the initial PUSCH is semi-
persistently scheduled in the same transport block, or in

case the initial PUSCH is scheduled according to a random

M
access response grant in the same transport block, "DMRS can

have the value as shown in the first column of Table 18.
[323] "N("%s) can be defined by the following Eq. 9.
[324] [Eq. 9]

7 . :
non(ng)= ) BNy -ng +i)-2'

[325] where c() is a pseudo—random sequence and i1is a

cell—spécific value. A pseudo-random sequence generator can

cell

ID J’25+fs}s>USCH

30

Cinit {
be initialized to at the start of a radio

frame.
[(326] The vector of a reference signal can be

precoded as shown in Eq. 10.

[327] [Eq. 10]
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=(0) 0)

"PUSCH FPUSCH
: =W :
~(P-1) (v-1)
FpuscH FpusCH
[328] where P represents the number of antenna ports

used for transmission of the PUSCH. When one antenna port

is employed for transmission of the PUSCH, }):1, u7=1, and

v=1_ 1n the case of spatial multiplexing, P=2 or P=4

and the precoding matrix W can be used in the same manner
as used for precoding of the PUSCH within the same subframe.
[329] ‘, A physical mapping method for an wuplink
reference signal in the PUSCH transmission is as follows.

[330] For each antenna port used for PUSCH
L 7B () , . ,
transmission, the 'PUSCH sequence 1s multiplied with an

=(P)
amplitude scaling factor Bruscu and starting from 4MWHm),
mapped to a sequence. The relationship between a physical

resourée block set used for the mapping process and the

index ¥ and the antenna port number P is the same as the

transmission of the corresponding PUSCH. For a resource

element (RE) with an index (hl), in the case of a normal
=3, 4 =2 Podacu()

CP, *77; in the case of an extended CP, ‘=<« ; and 'PUSCHV ;g

mapped in an increasing order of k and then mapped in an

increasing order of the slot number.
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[331] Uplink/Downlink Scheduling in the TDD system

[332] Since downlink/uplink subframe structure in the
TDD system is different for each uplink-downlink
configuration, transmission time of the PUSCH and PHICH is
set up differently according to the configuration, and
transmission time of the PUSCH and PHICH 1is set up
differently according to the subframe index (or number).
[333] The LTE system defines the uplink/downlink
timing relationship among the PUSCH, the PDCCH preceding
the PUSCH, and the PHICH through which a downlink 'HARQ
ACK/NACK signal corresponding to the PUSCH is transmitted.
[334] Table 19 shows transmission timing of the PDCCH
and the PUSCH corresponding to the PDCCH according to

uplink-downlink configurations.

[335] _ [Table 19]

10D UL/DL subframe number n

Configuration | | 1 2 (13| a]s 6 | 7 8| 9
0 4 | 6 4 | 86
1 8 4 6 4
2 4 4
3 4 4 | 4
4 4| 4
5 4
6 77 717 5
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{3361 With reference to Table 19, in the case of
uplink-downlink configurations 1 to 6, when the UE receives
an UL grant through the PDCCH from the eNB in the n-th
downlink subframe or needs to re-transmit the PHICH after
receiving the PHICH, the UE transmits the PUSCH, according
to the downlink subframe index with which the PDCCH (or
PHICH) has been transmitted, from the (n+k)-th uplink
subframe corresponding to the index. At this time, the k
value follows as shown in Table 19.

[337] In the case of uplink-downlink configuration 0,

the UE carries out transmission of the PUSCH according to

.the relationship shown in Table 1 indicated by Loricn which
is determined by the uplink index value within the uplink
DCI format, the number of a downlink subframe from which
the PHICH is transmitted, and ‘the ~number of an uplink
subframe transmitted to an upper layer or from which the
PUSCH is transmitted. The UE may transmit the PUSCH from
the (n+7)-th uplink subframe; or the UE may transmit the
PUSCH to both of the uplink subframe specified according to
Table 19 and the (n+7)-th uplink subframe.

[338] | Meaﬁwhile, if the UE —receives the PHICH
including the HARQ ACK/NACK signal from the eNB at a
downlink subframe i, the PHICH corresponds to the PUSCH
that the UE transmits at an uplink subframe i-k. At this

t

time, the k value is shown in Table 20.
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[339] Table 20 shows a transmission timing
relationship of the PUSCH and the PHICH corresponding to

the PUSCH according to uplink-downlink configurations.

[340] [Table 20]
TDD UL/DL ‘ subframe number /
Configuration [ o | 1 [ 2 [ 3|4 |5|6|7 |89
0 71 4 71| 4
1 4 6 4 6
2 6 6
3 6 6| 6
4 6| 6
5 6
6 61| 4 714 6
[341] - In the of uplink-downlink configurations 1 to 6

or in .the case of uplink-downlink configuration 0 and

.&Wﬁﬂfﬂgr‘iimtheMUwaeceivethhemPHICH«transmitting"a~HARQ:"
ACK signal from the eNB at a subframe i, the PHICH
corresponds to the PUSCH that the UE transmits at a

subframe i-k. On the other hand, in the uplink-downlink

configuration 0 and hWWH:l, if the UE receives the PHICH
transmitting the HARQ-ACK signal from the eNB at the
subframe i, the PHICH corresponds to the PUSCH that the UE
transmits at a subframe i-6.

[342] If the UE transmits a transport block to }the

eNB through the PUSCH subframe corresponding to a downlink
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subframe 1 and receives the PHICH corresponding to the
transport block from the downlink subframe 1i; and the
received PHICH is decoded as ACK or the transport block is
disabled by the PDCCH transmitted from the downlink
subframe i, the UE transmits the ACK corresponding to the
transport block to an upper 1layer. Otherwise, the UE
transmits NACK with respect to the transport block to the
upper layer.

[343] | From the viewpoint of the UE, the ACK/NACK
response (or PHICH) with respect to the uplink transmission
through the PUSCH of the UE at the n-th uplink subframe is
transmitted to the eNB according to the corresponding
uplink subframe index at the (n+k)-th downlink subframe
which corresponds to the uplink subframe index. In the case
of subframe bundling, the corresponding PHICH corresponds
to predict that the eNB will transmit at the (n+k)-th
downlink subframe a PHICH response with respect to the
PUSCH that the UE has transmitted and has to search
for/detect/demodulate the corresponding PHICH accordingly.
At this time, the k wvalue folléws as shown in Table 21.
[344] Tablg 21 shows a transmission timing
relationship of the PUSCH and the PHICH corresponding to

the PUSCH according to uplink-downlink configurations.

[345] [Table 21]
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TDD UL/DL subframe index n
Configuration o | 1 | 2314|566l 7|81]¢9
0 41716 41716
1 416 4 6
2 6 6
3 6 6] 6
4 6 6
5 6
6 41616 4 17
(346] The PHICH resources are identified by an index
pair such as ("B riCes"priCH) . npHICH represents the PHICH group

seq
n . .
number; and “PHICH represents an orthogonal sequence index

group
within the corresponding PHICH group. 'PHICH and PhthcH can be

obtained by Egq. 11 as follows.
[347] (Eq. 11]

2 87OUp group group
n3ier =Uprp  ra +1pmrs YMOAN B + L ooy Nty

seq _ roup PHICH
[348] "pHICH = (|_I prB_ra!NEHICH _]+ npumrs)mod 2N gy

[349] | where "'PMRS ig mapped from the cyclic shift for
the DMRS field through the most recent PDCCH having the
uplink DCI format intended for a transport block related to
the transmission of the corresponding PUSCH. On the other
hand, in the case of absence of the PDCCH having the uplink
DCI format for the same transport block, the initial PUSCH

for the same transport block is scheduled semi-persistently
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n . . s .
or "DPMRS jg set to 0 if the initial PUSCH is scheduled by a
random access response approval signal.

PHICH
NSF

[350] represents the size of a spreading factor

used for PHICH modulation.

lowest _index

[351] IPRB_RA PRB_RA

gives the same index as when

I
PRB_R4  indicates the first transport block of the PUSCH

related to the PDCCH, or when there is no related PDCCH and
the number of transpot blocks specified manually is not the
same as the number of transport blocks specified by the

most recent PDCCH related to the corresponding PUSCH. On

IPRB_RA

the other hand, in case indicates the second

I
transport block of the PUSCH related to the PDCCH, PRB_RA

lowest _index

. +1 . .
returns the same index as the ~PR8-H . At this time,

I lowest _index

PRB_RA corresponds to the lowest PRB index of the first

slot for the transmission of the corresponding PUSCH.

: . group
[352] NBrich represents the number of a PHICH group

formed by an upper layer.

[353] Lphic is 1 if the UE transmits the PUSCH at the

subframe index 4 or 9 for the case of uplink-downlink
configuration 0 of the TDD system; otherwise, 0.
[354] Table 22 shows a mapping relationship between

the cyclic shift for the DMRS field used for determining
92



WO 2016/010217 PCT/KR2015/000415

the PHICH resources through the PDCCH having the uplink DCI

format and 'DMRS

[355] [Table 22]
Cyclic Shift for DMRS Field in PD n
CCH with uplink DCI format DMRS

000 0]
001 1
010 2
011 3
100 4
101 S
110 6
111 7

{356] In what follows, to described a method for

minimizing control plane latency of a UE in the 5G system
(or future IMT-advanced system), technical details related
to a definition of a contention-based PUSCH 2zone
(hereinafter, it is called a ‘CP zone’'), a method for
setting a CP zone, and a method for using a CP zone will be

given with reference to related drawings.

[357] Definition and Configuration of CP Zone

[358] FIG. 25a shows one example of configuring a CP
zone, and FIG. 25b illustrates one example of a contention
PUSCH resource block (CPRB) constituting a CP zone.

[359] First, a CP zone refers to a region where the
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UE can transmit UL data directly without scheduling of
resource allocation from the eNB with respect to
transmission of uplink data of the UE.

[360] The CP zone can be used primarily for the UE to
transmit UL data requiring low latency.

[361] With reference to FIG. 25a, 1010 corresponds to
a resourcé region to which the PUCCH is transmitted, and
1020 corresponds to the CP zone.

[362] The CP zone can be allocated to a particular
resource area within the PUSCH region to which the UL data
can be transmitted. In other words, the CP 2zone can be
allocated to one subframe or one or more consecutive
subframes, and ‘the CP zone may not be allocated to a

particular subframe.

[363] | FIG. 25b represents a CPRB, and a CP zoné can
consist of one or more CPRBs.

[364] A CPRB represents a resource region that a UE
can occﬁpy_within a CP zone. One CPRB 1030 is mapped to one
UE, but a plurality of CPRBs can be mapped to one UE based
on capability of the UE, the amount of UL data that the UE
transmits, and so on. Similarly, a plﬁrality of UEs may
share one CPRB.

[365] As shown in FIG. 25b, N (where N is a natural

number) CPRBs can be defined within a CP zone.
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[366] | As one example, suppose 3 UEs (UE 1, UE 2, UE 3)
share one CP zone and 4 CPRBs (CPRB #$#1, CPRB #2, CPRB #3,
CPRB #4) comprisé the CP zone. In this case, CPRB #1 can be
allocated to the UE 1; CPRB #2 to the UE 2; and CPRB #3 to
the UE 3.

[367] At this time, the eNB may configure the CPRBs
to be allocated to the respective UEs. In case the UEs
receive CPRB-related information of a CP zone from the eNB,
each UE may request the eNB to allocate the CPRB desired by
the UE.

[368] Also, 1in the case of a small cell where the
number of UEs (or users) that a cell can accommodate is
limited, the eNB may map the CPRB 1l-to-1 to the UE when the
CPRBs are allocated to the respective UEs.

[369] For example, in case the maximum number of UEs
that a small cell cén acédmmodate ié N, the‘eNB of the
small cell pre-allocates a CP zone for the N UEs and
prevents those UEs beyond the predeter@ined number N from
entering the cell so that the CPRBs can be mapped 1-to-1 to
the‘UEs within the cell.

(3701 If the RACH procedure employs the 1-to-1
mapping between the UEs and the CPRBs after a UE enters a
cell; a CPRB allocation method 1is decided implicitly
between the UE and the eNB before the UE enters the cell.

In other words, in case the UE connected to a macro cell
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adds a connection to a small cell through dual connectivity,
the CPRBs can be allocated beforehand to the UE through a
backhaul interface between the small cell and the macro
cell.

[371]1 At this time, dual connectivity refers to the
technology such as anchor-booster, carrier aggregation, and
simultaneous multi-RAT communication.

[372] In other words, a UE located within a cell
having a CP zone can transmit UL data that require low
latency transmission directly to the eNB through the CP
zone without using the eNB’'s scheduling (without an UL
grant) for transmission of the UL data.

[373] When it comes to the UE’s transmission of UL
data that requires low latency, it is preferable to use a
CPvzone for wide applications; however, a CP zone may be
used restrictively only for the UL data (as one example, an
RRC request message and/or a NAS request message in a
random access procedure, BSR transmission 1in a BSR
procedure, and so on) transmitted within a particular
procedure.

[374] As shown in FIG. 26, a CP zone may be set up
differently according to individual procedures.

[375] A CP zone can be defined to consist of one or
more zones depending on its objective. For example, a CP

zone area defined for the RACH procedure can be different
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from the CP zone area defined for the BSR procedure. In
other words, CP zones defined on the basis of different
objectives can be formed in the respective subframes
different from each other or can be formed on different
resource blocks within the same subframe.

[376] FIG. 26 illustrates that a CP zone meant for
the RACH procedure is set differently from the CP =zone

intended for a different procedure such as the BSR

procedure.

[377] Method for Transmitting CP Zone-Related
Information

[378] FIG. 27 illustrates one example of a method for

transmitting information related to a CP zone.

[379] If a CP zone 1is set up in a particular cell,

the eNB (or a particular cell) transmits control
information related to a CP zone formed in the barticular
cell té the UEs (within the particular cell) S2710.

[380] At this time, the particular cell may refer to
a small cell such as a femto cell, pico cell, and micro
cell; or a macro cell.

[381] The CP zone-related controi information
includes CP zone set-up notification information indicating
whether a CP zone has been formed for the particular cell.

[382] If a CP zone is formed in the particular cell,
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the CP zone-related control information further includes CP
zone set-up information which is related to the information
related to setting up the CP zone, such as configuration of
the CP zone.

[383] The CP 2zone set-up information can information
about uplink resources in which the CP zone is set up and
information related to data transmission that can be
transmitted to a CPRB within the CP zone.

(384] The information about uplink resources in which
the CP zone is set up may include information of an UL
subframe which does not have a CP zone by taking into
accounﬁ resource utilization.

[385] As described above, one CP zone can consist of
N (which is a na;uralinumber) CPRBs that are occupied by
one or more UEs.

[386] | The information about uplink resources in which
the CP zone is set up can include a value indicating the
number (M) of CP zones that an arbitrary UE can attempt to
occupy at é particuiar time point.

[387] At this time, N*M represents the total number
of CPRBs that an arbitrary UE can select (or occupy) at a
particular time point.

[388] For example, if a CP zone has 4 CPRBs and there
are 2 C? zones with the same objective (two CP zones form a

CP group), a UE can have a total of 8 (4*2) candidate CPRBs.
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[389] The information related to data transmission
that can be transmitted to the CPRB can include maximum
resource block size for each UE, modulation and coding
scheme (MCS) level, initial transmission power reference,
and so on.

[390] The CP zone-related control information can be
transmitted through a broadcast message or through a
unicast message intended for a particular UE.

(391] More specifically, the CP zone-related
information can be transmitted in four different ways as
shown below; however, it should be noted that the present .
invention is not limited to the descriptions below but
accommodates various other transmission methods.

[392] First, CP zone-related control information can
be transmitted to the UE through a master information block
(MIB). The CP zone related control information can‘ be
included in the MIB which transmits essential physical
layer information.

[393] Second, CP zone-related cqntrol information can
be transmitted to the UE through an existing SIB-x.

[394] | Transmission through SIB-x corresponds to the
case where a CP zone 1is set up for initial network
conneétion; thus, the CP zone-related control information
can be transmittéd being included in SIB-2.

[395] As one example, in case a CP zone is set up for
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the RACH procedure, information about the CP zone is added
to the SIB-2 to make the UE informed through transmission
of a contention based RRC connection requést message (for
example, 2-step RA) before the UE is connected to a cell

that the UE can connect to the cell.

[396] Third, CP zone-related control information can
be transmitted to the UE through a new SIB-y.

[397] In other words, in case a CP zone is set up for
a procedure after network connection, the CP zone-related
control information can be transmitted by defining a new
SIB.

[398] At this time, the eNB can transmit information
indicating that a cell has to receive new SIB information
to the UE by including the information in the MIB, SIB-1,

or SIB-2.

[399] Fourth, CP zone-related control information can
be transmitted to a particular UE through a new control
message according to a unicast scheme.

[400] In case the UE is connected to a celi, the CP
zone-related control information is transmitted through a
unitast message only to the UE that needs to use a CP zone
so that only the particular UE can receive the CP zone-

related control information.

[401] In case the UE connects (or enters) to the cell,

the UE transmits information about an intent to use a CP
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zone to the eNB by including the information in a message
which is transmitted to the eNB at the time of the UE's
connecting to the cell. Thus, the UE can make the eNB
transmit CP zone-related control information to the UE
through a unicast message.

[402] As described above, the Cp zone set-up
notification information and the CP zone set-up information
may be transmitted to UEs through various forms (SIB, MIB,
unicast message, and so on) being included in the CP zone-
related control information. Or the CP zone notification
information and the CP =zone set-up information can be
transmitted separately through different messages from each
other.

[403] At this time, it should be noted that even if
the CP zone set-up notification informatioﬁ and the CP zone
set-up information are transmitted separately, they can be
transmitted through various forms such as the SIB, MIB,

unicast message, and so described above.

[404] CP zoﬁefbased BSR procedure

[405] In the following, a method for using a CP zone
in a BSR procedure will be described in more detail.

[406] FIG. 28 illustrates one example of a method for
using a CP zone in a buffer state report (BSR) procedure.

[407] A BSR procedure is an UL resource allocation
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procedure and can be represented as a scheduling request
(SR) procedure.

[408] FIG. 28 shows a method for using a contention-

based PUSCH (CP)_zone as an UL resource for a BSR message
transmission.

[409] As shown in FIG. 28, a BSR 1s transmitted
together with an SR from a subframe which transmits the SR.

In other words, the UE transmits the BSR together with the

SR to the eNB at 1 TTI (Transmission Timing Interval) S2810.
[410] o At this time, it is assumed that transmission
of the SR is carried out through the PUCCH according to the

ON/OFF keying scheme and PUCCH resources are pre-allocated
to each UE.

[411] Also, the UE can employ an SR carrying

particular information for a system which uses a 5-step SR
method of FIG. 18a and a 3-step SR method of FIG. 18b

simultaneously.

[412] As one example, the particular information may
denote a non-contention based SR in the case of ‘0’ and a
contention-based SR in the case of ‘1.

[413] More specifically, the UE transmits an SR

through the PUCCH and a BSR through a CP zone together to

the éNB at 1 TTI, namely, at the same subframe S2820.

[414] Afterwards, the UE receives an UL grant for

transmission of actual data from the eNB.
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[415] Then the UE transmits actual data to the eNB by
using the received UL grant S2830.

[416] At this time, in order to carry out an UL
resource allocation process by using a CP zone, the eNB can
first of all transmit the CP =zone-related control
information.

[417] Since the CP =zone-related control information
is system-related information, it is preferable to transmit
the CP zone-related control information through an SIB, but
the CP zone-related control information can be transmitted
in various ways, not being limited to the case above.

[418] As described above, 1in case an UL resource
allocation process is carried out by using a CP zone, the
UE can request UL resources from the eNB and reduce a time
period during which to receive the UL resources from the
eNB, thereby reducing the overall procedure latency
compared with the UL resource allocation procedure based on

normal scheduling by the eNB.

[419] FIGs. 29a to 29c 1illustrate one example of
setting up a CP zone in various ways in case the BSR
procedure employs the CP zone.

[420] In case a BSR message is transmitted through a
CP zone, the UE can transmit a BSR message along with an SR

through the PUCCH resources allocated to the UE.
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[(421] By doing so, the UE can transmit the SR and the
BSR message together by using the resources at the same
time point or across consecutive time frames.
[422] FIG. 29a shows one example of a method for
setting up an intra-subframe of a CP zone where the SR and
the BSR message are transmitted within the same subframe.
[423] In other words, as shown in FIG. 29a, the SR
and the BSR message are allocated (TDM/FDM) being assigned
to different resources (time domain resources or frequency
domain resources) within the same subframe.
[424] FIG. 29b shows one example of a method for
setting up an inter-subframe of a CP zone where the SR and
the BSR message are transmitted within a neighboring
subframe.
[425] In other words, as shown in FIG. 29%b, the SR
"""" and the BSR message may be allocated being assigned to
different TTIs through resources of a neighboring subframe.
[426] The BSR message can be transmitted at the next
subframe after SR transmission or at the N-th subframe
after SR transmission. |
[427] FIG. 29¢ shows one example of a method for
setting up a CP zone by combining the methods of FIGs. 29a
and 29b. H
[428] In otherv words, to maximize resource

utilization within a cell, the compound method of the intra
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subframe and the inter subframe methods of FIG. 29c¢ does

not set up an SR region or a CP zone resource region in a
particular subframe.

[429] With reference to FIG. 29c, an SR is allocated
to one subframe, and an SR and a CP zone resource region
are allocated together in the next subframe.

[430] At this time, the SR and the CP zone resource

region are allocated by using frequency resources different

for each other.

[431] In addition to the methods of FIG. 29a to 29c,

a method for setting up an SR region and a method for
settiné up a reséurce region of a CP zone can be détermined-

in various ways according to cell-operating techniques.

[432] In what follows, a method for CPRB mapping in a
BSR procedure according to an SR PUCCH ‘index will be
described.

[433] FIG. 30 illustrates one example of a method for
CPRB mapping in a BSR procedure.

[434] | FIG. 30 illustrates one example of a method for
setting up an SR and a CPRB to be 1l-to-1 mapped to each
other.

[435] In other words, in case n SRs are allocated in
one subframe, the method of FIG. 30 set up a CP zone having

n CPRBs.

105



WO 2016/010217 PCT/KR2015/000415

[436] Two methods can be used for setting up an SR
and a CPRB to be mapped 1-to-1 to each other.

[437] (1) A method for selecting a CPRB index in the
same manner as done for the PUCCH physical index with
respect to an SR.

[438] (2) A method for selecting a CPRB index in the
same manner as done for the PUCCH 1logical index with
respect to an SR.

[439] In the second method (2), the PUCCH logical
index with respect to an SR denotes a new index obtained by
mapping the PUCCH resource index allocated for the SR of
the UEs in the corresponding subframe logically starting
from 0.

[440] The PUCCH logical index can be transmitted
after being newly defined by an SR configuration
information element.

[441] FIG. 30a illustrates a method for mapping an SR
and a CPRB 1-to-1 to each other in a method for setting up
an inter;subframe of a CP zone; and FIG. 30b illustrates a
method for mapping an SR and a CPRB 1l-to-1 to each other in
a method for setting up an intra-subframe of a CP zone.
[442] With reference to FIG. 30a, in case the UE 1
transmits an SR to the eNB through the PUCCH index 3 at a
subframe n, the UE 1 transmits a BSR message to the eNB in

the next subframe, namely, in the subframe (n+l) by using
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the CPRB index 3 (#3) which is the same as the PUCCH index
3.

[443] Also, in case the UE 2 transmits an SR to the
eNB through the PUCCH index 3 at a subframe (n+2), the UE 2
transmits a BSR message to the eNB in the next subframe,
namely, in the subframe (n+3) by using the CPRB index 3 (#3)
which is the same as the PUCCH index 3.

[444] With reference ;o FIG. 30b, in case the UE 1
transmits an SR to the eNB through the PUCCH index 0 at a
subframe n, the UE 1 transmits a BSR message to the eNB in
the same subframe n by using the CPRB index 0 (#0) which is
the.same as the PUCCH index 0.

[445] Also, in case the UE 2 transmits an SR to the
eNB through the PUCCH index 3 at a subframe n, the UE 2

transmits a BSR message to the eNB in the same subframe n

by using the CPRB index 3 (#3) which is the same as the

PUCCH index 3.

[446] | In the following, another method for mapping
between an SR and a BSR CPRB will be described;

[4471] In this method, the number of CPRBs is set to
be smaller than the number of resources for an SR. In other
words,‘in case n SRs are allocated for one subframe, this
method sets up a CP zone with 1 to n-1 CPRBs.

[448] In this case, since the number (x) of CPRBs is
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smaller than the number (n) of SRs, there can be a chance
for BSR transmission collision.

[449] Therefore, to reduce <collision during BSR
transmission, the following methods are used so that the UE
can implicitly select a CPRS for a BSR message.

[450] (1) A method for a UE to select a CPRB in a

random fashion.

[451] (2) A method for a UE to select a CPRB by CPRB
index (#) = modulo(UE ID % X).

[452] (3) A method for a UE to select a CPRB by CPRB
index (#) = modulo(PUCCH physical index with respect to an
SR % X).

[(453] At this time, the PUCCH physical index can

denote a value corresponding to the PUCCH resource index

among SR configuration information elements.

14547 (4) A method for a UE to select a CPRB by CPRB
index (#) = modulo(PUCCH logical index with respect to an
SR % X)

[455] At this time, the PUCCH logical index denotes a

new index obtained by mapping the PUCCH résoﬁrce index
allocated for the SR of the UEs in the corresponding
subframe logically starting from 0; the corresponding PUCCH
logical index can be transmitted additionally for the UE
from an SR configuration information element.

[456] In the method of (2), in case X is set by the
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valﬁe which is not a divisor of n, a particular CPRB is
selected much more than others by the UEs; thus, the
chances of collision can be further increased.

[457] Therefore, due to this reason, it may be
preferable to set X as a divisor of n, vbut the present
invention is not limited to this case.

[458] As one example, in case n = 6, it may be
preferable to set X to one from among 1, 2, 3, and 6.

[459] In the methods of (2) to (4), X denotes a total
number of CPRBs that are occupied by the UE transmitting a
BSR message. Also, the X value corresponds to the value

received from the eNB through system information.

[460]_ Given that the number of SRs allocated to an
arbitrary subframe PUCCH is n, if the number of CPRBs for
BSR transmission corresponding thereto is n or more, the UE
does not collide with other UEs at the time of transmitting
a BSR message to a CPRB.

[461] However, as described above, if the number of
CPRBs corresponding (or being.mapped) to n SRs is set to n-
1l or 1less, there can be chances that one or more UEs

transmit a BSR message to the eNB at the same time through

the same CPRB.

[462] FIG. 31 illustrates one example of collision
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occurred at the time of BSR transmission due to occupation
of the same CPRB.

[463] In the case of FIG. 31, the index (CPRB(#)) of
a CPRB that the UE selects can be calculated as modulo
(selected SR PUCCH index % X), and FIG. 31 shows the case
where X = 5,

[464] X denotes a total number of CPRBs that are
occupied by the UE transmitting a BSR message. And the X
value corresponds to the value received from the eNB
through system information.

[465] As shown in FIG. 31, the UE 1 transmits an SR
to the eNB through the PUCCH resources corresponding to the
PUCCH index 1 and‘a BSR message to the eNB through the CPRB
corresponding to the CPRB #1.

[466] Also, the UE 2 transmits an SR to the eNB

through the PUCCH resources corresponding to the PUCCH
index 2 and a BSR message to the eNB through the CPRB
correspoﬁding to the CPRB #1.

[467] In other words, as the UE 1 and the UE 2
transmit a BSR message to the eNB through the same CPRB,
resoﬁrce collisién is occurred in the eNB, where the enB is
unable to distinguish BSR messages sent from the UE 1 and

the UE 2.

[468] In what follows, described will be a method for
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recognizing collision between BSR messages and a method for
resolving collision in case two or more UEs transmit a BSR
message by using the same CPRB resources.

[469] In other words, in the case of collision as two
or more UEs transmit a BSR message by using the same CPRB
resources, the eNB‘recognizes the occurrence of collision
due to transmission of BSR messages, commands the
corresponding UEs to re-transmit the BSR messages, and
transmits a BSR UL grant to notify that the corresponding
UL grant is resource allocation to request re-transmission
of BSR messageé.

[470] In other words, once the eNB successfully
receives a BSR message of the UE through a CPRB, the eNB
transmits an UL grant with respect to actual data to the UE
without indication.

[471] However, in case the eNB fails to receive a BSR
message though it has receives an SR from two or more UEs
through the PUCCH, the eNB transmits an UL grant for the
BSR message to the UEs together with BSR UL grant
indication which notifies that the corresponding UL grant

is intended for BSR transmission.

[472] In what follows, a method for relieving
collision due to "UEs’ occupying the same CPRB will be

described in more detail.
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[473] In other words, in case UEs transmit the UL
data by using the CP zone, described with reference to FIGs.
32 to 34 will be a method for reliving collision during UL
data transmission that can occur as the UEs select the same
CPRB and collision due to transmission and reception of
HARQ ACK/NACK signals during the UL data transmission.

[474] First, described briefly are a method for UL
data transmission based on the multi-user (MU)-MIMO scheme
and a method for transmitting and receiving an error
correction response (HARQ ACK/NACK) defined in the LTE-A
system.

[475] In the current version of the LTE-A system, UL
data are transmitted on the basis of scheduling of an eNB;
therefore, the eNB can know which UE will transmit the UL
data through which resources.

[476] = In other Hwords;' the eNé régérdé> the data
transmitted through the PUSCH resources mapped to the UL
grant of the PUCCH that the eNB has specified (or allocated)
as the UL data transmitted by the UE which has received the
corresponding UL grant.

[477] In case the UE transmits UL data to the eNB by
using the MU-MIMO scheme, two or more UEs can transmit
disparate data to the eNB by using the same time and/or
frequency resources.

[478] At this time, in order to receive the disparate
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UL daté transmitted through the same resources by the UEs,
the eNB allocates a DMRS separately for each UE to receive
individual channel information of the UL data transmitted
by the UEs and successfully decodes the UL data transmitted
by the respective UEs.

[479] Also, the eNB transmits the HARQ ACK/NACK about
the UL data successfully received from the UEs to the
respective UEs through the PHICH resources mapped to the.
PUSCH resources scheduled by the eNB.

[480] | The eNB allocates cyclic shifts meant for
individual DMRSs to’two or more UEs having the same lowest
PRB index; thus, the corresponding UEs are enabled to

transmit ACK/NACK signals by wusing different PHICH

resources.
[481] In case radio channel states among two or more
UEs (for example, Hy, H;, .. , H,) are not orthogonal to each

other, the eNB may not be able to properly receive the UL
data that the UEs transmit through the same resources.

[482] . However, 1f radio channel states among two or
more UEs (for example, Hy, Hi, .. , Hp) are orthogonal to
each other, the eNB can successfully receive the UL data
transmitted from the two or more UEs even though the UL
data afe transmitted through the same resources by the two
or more UEs. |

[483] In case UL data are transmitted through a
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contention-based PUSCH zone (CP zone), in other words, in
case multi-users (a plurality of UEs) transmit uplink data
without an UL grant from the eNB, currently no method is
defined for providing the eNB with information (for example,
DMRS for individual UL data) with which to successfully
decode multi-UL data of the UEs transmitted through the
same CPRB resources.

[484] Also, even 1if the eNB successfully receives
disparate UL data of individual UEs transmitted through the
samé CPRB resources, since no method is defined for
providing resource information of an error correction
response (HARQ ACK/NACK) with respect to the UL data of
individual UEs, currently UEs are unable to check errors

during UL data transmission.

[485] Theréfore, in what‘ follows, a method for
transmitting and receiving UL data successfully by using
the same CPRB resources of a CP zone and a method for
transmitting and receiving the HARQ ACK/NACK signal
according to the present invention will be described.

[4861 For successful transmission and reception of UL
data transmitted without an UL grant (the UL data
transmitted through a CP zone), the present invention
provides a method for setting a cyclic shift value

according to particular methods and using the cyclic shift
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value for setting up CPRB/DMRS and resources (for example,

PHICH) for error correction responses (HARQ ACK/NACK).

[487] FIG. 32 illustrates one example of a method for
setting a DMRS cyclic shift of a CPRB according to the
present invention.

[488] In case UL data are transmitted directly
through a CP zone without receiving an UL grant from the
eNB, the UE 1is wunable to receive a DMRS CS value
transmitted through the UL‘ grant. Thus, the present
invention provides a method for setting a DMRS CS based on
CPRB indication information, as shown in FIG. 32.

[489] In other words, as shown in FIG. 32, the UE is
unablevto receive a DMRS CS value since the UE transmits UL
data through a CP zone, where the DMRS CS wvalue is used
with respect to the CPRBs selected according tor é
predetermined rule. Now, the UE maps the DMRS CS value
according to CPRB indiéation information (for example, CPRB
indicator) so that resource collision among UEs selecting
the same CPRB resources can be avoided.

[490] At this time, resource collision refers to the
concept including both resource collision ahong disparate
data transmitted through the same resources and collision
of resources for an error correction response (PHICH) in

response to the aforementioned resource collision.
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[491] The CPRB indication information refers to a
signal transmitted through the PUSCH or the PUCCH or a
sequence and can be used as an identifier for identifying a
particular UE and/or data transmitted through the same (or
consecutive) subframe(s) with the CPRBs.

[492] In other words, the CPRB indication information
can be (1) a randomly selected preamble sequence of the
RACH procedure, (2) a pre-allocated preamble sequence at
the time of handover (HO), (3) particular resource index
(physical index or logical index) with respect to the PUCCH
SR at the time of transmission of an SR, (4) a particular
sequence using resources newly- defined for an CPRB, an
index, or a code value.

[493] Also, the CPRB indication information can be
represented in the form of a CPRB indicator.

[494] From now on, the CPRB indication information
will bg described in more detail.

{495] As shown in FIG. 32, UE 1 and UE 2 transmit UL
data to the eNB through a CPRB along with CPRB indication
information 53210.

[496] The UE 1 and the UE 2 use different CPRB
indication information from each other and select the same
CPRB.

[497] DMRS CS values different from each other are

allocated implicitly to the respective UEs according to a
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predetermined rule on the basis of the CPRB indication
information.

[498] In other words, each UE and the eNB are now
enabled to implicitly calculate different DMRS CS wvalues
according to a predetermined rule based on the CPRB
indication information.

[499] Through the operation above, the eNB can
identify the UL data of the UE 1 from the UL data of the UE
2, all of which are transmitted through the.same CPRB and
allocate different PHICH resources to the UL data of the
respective UEs.

[500] ( The method for allocating different DMRS (CSs
according to a predetermined rule will be described in more
detail with reference to FIGs. 33 and 34.

[501] The eNB allocates different DMRS CSs to the UE
1 and the UE 2, thereby allocating different PHICH
resources to the respective UEs. And the eNB transmits to
each UE the HARQ ACK/NACK with respect to UL data
traﬁsmission performed by the corresponding UL through the

allocated PHICH resources S3220.

[502] FIG. 33 illustrates one example of a method for
setting a DMRS cyclic shift value according to the present
invention.

[503] In case UL data are transmitted through a CP
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zone, a method for preventing collision during transmission
of UL data through the same CPRB resources and a method for
mapping DMRS CS values wused for transmission of HARQ
ACK/NACK-signals may be employed; and the UE and the eNB
can implicitly calculate the DMRS CS values through.the
methods.

[504] In other words, the CS wvalue assigned to a

particular UE can be calculated by the following Eq. 12.

[505] [Eq. 12)
CS for 'a UE = [(CPRB indicator value -~ CPRB index) / NJ,
[506] where N represents a total number of CPRBs

within a CP 2one, and CPRB index corresponds to CPRB
indication information (CPRB indicator) divided by N (CPRB
indicator value % N), having an integer value such that 0 £
CPRB index < N.

[507] In the LTE-A system, the CS value mapped to the
DMRS is an integer belonging to the range of 0< CS £7 and
can take a total of 8 values.

[508] In other words, through the Eq. 12, with
réspect to the samé CPRB selected by different UEs,
difﬁerent Cs values’as many as 0 <(the maximum value of the
CPRB indicator+l) /N> - 1 can be set up.

[509] . For example, if the maximum value of the CPRB
indicator value is 9 and N is 4, different cyclic shift

values ranging from 0 to 2 are set up according to Egq. 12.
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[510] At this time, 2 is calculated from the equation,
2 =<(9+1)/4>-1, and <> stands for a rounded up value, where,
for example, <2.5> returns 3.

[511] . As shown in FIG. 33, suppose the CPRB indicator
values are given by 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,

12, 13, 14, 15 and a total number of CPRBs within a CP zone
(N) is 4. Then the CPRB index is set up as 0, 1, 2, 3, 0, 1,
2, 3, 0, 1, 2, 3, 0, 1, 2, 3 (which is obtained as the
remainder of the CPRB indicator divided by N).

[512] Therefore, the CS determined according to Eq.

12 has the value of 0, 0, 0, 0, 21, 1, 1, 1, 2, 2, 2, 2, 3,

3, 3, 3.

[513] At this time, it is assumed that different
values are assigned to the CPRB indicator values for the
respective UEs.

[514] As described above, even if the UEs have the
same CPRB index (the UE having a CPRB indicator value of 0
and the UE having a CPRB indicator value of 4 have the same
CPRB index of 0), different cyclic shift values are
allocated to the individual UEs according to Eg. 12.

Therefore, collision due to transmission of UL data through
the same CPRB can be avoided, and accordingly, the HARQ
ACK/NACK with reépect to the UL data trénsmitted by the UEs
can be transmitted separately to the respective UEs.

{515] In other words, in case the UEs select CPRB
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indicator values all different from each other, the UEs
select particular CPRBs individually by receiving from the
eNB CPRB indicator values all different from each other, or
the UEs set up DMRS CS values with respect to CPRBs through
Eg. 12, a total of 8N (which corresponds to the case where
a maximum number of CS values is 8) data can be transmitted
orthogonally through N CPRBs.

[516] At this time, the (ideally) maximum number of
UL data that can be transmitted orthogonally according to
the number of CS values (NCS) can be determined as NCS*N.
[517] If the maximum number of CS values is 8 and the
CPRB iﬁdiéator has a range larger than 8N, there are
chances for collision during transmission of UL data
performed Dby ﬁwo or more UEs and collision during
transmission and reception of error correction responses
since, as shown in FIG. 33, the same cyclic shift value can
be set up according to the same CPRB even if different CPRB
indicator values are set to two or more UEé. Therefore, it
is preferable that the range of the CPRB indicator value is

restricted not to have a value larger than 8N.

[518] FIG. 34 illustrates another example of a method
for setting a DMRS cyclic shift wvalue according to the
present invention.

[519] FIG. 34 illustrates the case where a CS wvalues
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is determined simply on the basis of a CPRB indicator value.
Different from FIG. 33, the method of FIG. 34 is preferable
for the case where the CPRG indicator value is not used for
setting up the CPRB index.

[520] In other words, the DMRS CS value allocated
with respect to a particular UE can be calculated through

the following Eq. 13.

[521] [Eq. 13]

CS for a UE = CPRB indicator value % NCS,

[522] where NCS represents the maximum value of the
CS +1, namely, a total number of CS values.

[523] As one example, in the LTE-A system, the CS
value ranges from 0 to 7; thus, NCS becomes 8.

[524] As shown in FIG. 34, suppose the CPRB indicator
values are given by 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13,‘14, 15 and NCS wvalue is 8. Then the DMRS CS value
with respect to the CPRB becomes 0, 1, 2, 3, 4, 5, 6, 7, O,
1, 2, 3, 4, 5, 6, 7( respectively.

[525] In the case of a method for setting up a DMRS
CS value with respect to a CPRB through a method of FIG. 34,
the number of CSs used is increased according to the number
of UES; therefore, the usage for radio resources in the

LTE-A system can be increased accordingly.

[526] As a yet another embodiment, the DMRS CS value
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with respect to the CPRB may be set up through a UE ID.

[527] In other words, by setting up a DMRS CS with
respect to a CPRB by using a CPRB indicator value and a UE
ID, resource collision (collision of UL data transmission
and collision of HARQ ACK/NACK signals) due to selection of

the same CPRB can be prevented.

[528] Overview of an Apparatus to which the Present

Invention Can be Applied

t529] FIG. 35 illustrates a block diagram of a
wireless communication device to which the ©present
invention can be applied.

[5301] With reference t§ FIG. 35, a wireless
communication system comprises an eNB 3510 and a plurality
of UEs 3520 located within the coverage of the eNB 3510.
[531] 'An eNB 3510 comprises a processor -3511/ a
memory 3512, and a radio frequency (RF) unit 3513. The
processor 3511 implements a function, process and/or method
propose through FIGs. 1 to 34. Layers of radio interface
protocols can be implemented by the processor 3511. The
memory 3512, being connected to the processor 3511, stores
various types of information to operate the processor 3511.
The RF unit 3513, being connected to the processor 3511,
transmits and/or receives a radio signal.

[532] A UE 3520 comprises a processor 3521, a memory
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3522, and a radio frequency (RF) unit 3523. The processor
3521 implements a function, process and/or method propose
through FIGs. 1 to 34. Layers of radio interface protocols
can be implemented by the processor 3521. The memory 3522,
being connected to the processor 3521, stores various typeé
of information to operate the processor 3521. The RF unit
3523, being connected to the processor 3521, transmits
"and/or receives a radio signal.

[533] o The memory 3512, 3522 can be located inside or
outside the processor 3511, 3512 and can be connected to
the processor 3511, 3521 through a well-known means.

[534] The eNB 3510 and/or the UE 3520 can have a
single antenna or multiple antennas.

[535j The embodiments described above are a
combination of constituting elements and features of the
‘present invention in particular forms. Unless otherwise
specified, each constituting element or feature should be
regarded to be selective. Each constituting element or
featufg can be embodied solely without being combined with
other constituting element or feature. It is also possible
to construct embodiments of the present invention by
combining part of constituting elements and/or features.
The order‘of operations illustrated in the embodiments of
the present invention can be changed. Part of a structure

or feature of an embodiment can be included by another
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embodiment or replaced with the corresponding structure or
feature of another embodiment. It should be clear that
embodiments can also be constructed by combining those
claims revealing no explicit reference relationship with
one another, or the combination can be included as a new
claim in a revised application of the present invention
afterwards.

[536] Embodiments according to the present invention
can be realized‘by various means, for example, hardware,
firmware, software, or a combination thereof. In the case
of hardware implementation, the embodiments of the present
invention can be implemented by one or more of ASICs

(Application Specific Integrated Circuits), DSPs (Digital

Signal Processors), DSPDs (Digital Signal Processing
Devices), PLDs (Programmable Logic Devices), FPGAs (Field
Programmable Gate Arrays), processors, controllers,

microcontrollers, microprocessors, and the like.

[537] In the case of firmware or software
implemenﬁation, methods accordiﬁg to the embodiment of the
present invention can be implemented in the form of a
module, procedure, or function carrying out operations
deséribed above. Software codes can be stored inva memory
unit and executed by a processor. The memory unit, being
located inside or outside the processor, can communicate

data with the processor through various means known in the
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fields of the art.

[538] It should be clearly wunderstood by those
skilled in the art that the present invention can be
realized in a different, particular form as long as the
present invention retains the essential features of the
present invention. Therefore, the detailed description
above should not be. interpreted limitedly from all aspects
of the invention but should be regarded as an illustration.
The technical scopé of the invention should be determined
through a reasonable interpretation of the appended claims;
all the possible modifications of the present invention
within an equivalent scope of the present invention should
be understood to belong to the technical ‘scope of the

present invention.

[539] - [Industrial Applicability]

[540] This document discloses a method for requesting
scheduling for wuplink data transmission in a wireless
communication system with examples based on the 3GPP
LTE/LTE—A system; however, the present invention can be
applied to various other types of wireless communication

systems in addition to the 3GPP LTE/LTE-A system.
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[cLaIMS]

[claim 1]

A method for transmitting uplink (UL) data requiring
low latency in a wireless communication system, the method
performed by a UE(user equipment), comprising:

transmitting contention PUSCH resource block (CPRB)
indication information used for identifying a particular UE
and/or particular data to an eNB;

transmitting UL data to the eNB through CPRB resources
of a contention based PUSCH (CP) zone; and

receiving a hybrid automatic retransmit request (HARQ)
response with respect to the UL data from the eNB through a
physical hybrid ARQ indicator channel (PHICH),

wherein the CP zone is a resource area from which UL
data are transmitted without allocation of an UL grant and

wherein the CPRB resource and the PHICH is mapped to a
cyclic shift (CS) set up based on the CPRB indication

information.

[claim 2]

The method of c¢laim 1, wherein the CPRB indication
information is a signal or a sequence transmitted through a
physical uplink shared channel (PUSCH) or a physical uplink

control channel (PUCCH).
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[claim 3]

The method of claim 2, wherein the cyclic shift wvalue

is determined through the following equation:

CPRB indication information value—CPRB index

CSvalue =
[ A total number of CPRBs (N)

l.

[claim 4]

The method of claim 3, wherein the CPRB index is given
by a remainder of a CPRB indication information value

divided by N.

[cilaim 5]

The method of claim 3, wherein the wvalue of a cyclic
shift rahges}from 0 to < (the maximum wvalue of the CPRB

indication information value+l) /N>-1 for the same CPRB.

[claim 6]

The method of claim 2, wherein the cyclic shift value

is determined through the following equation:

CS value = CPRB indication information% the number of CS values.

[claim 7]

The method of claim 1, wherein the PHICH is assigned

for each UE according to the cyclic shift value.
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[claim 8]

The method of claim 1, wherein the CPRB indication
information and the UL data are transmitted from the same

subframe or through consecutive subframes.

[claim 9]

A method for receiving UL data requiring low latency
in a wireless communication system, the method performed by
an eNB, comprising:

receiving contention PUSCH resource block (CPRB)
indication information used for identifying a particular UE
and/or particular data from at least two or more UEs;

réceiving uplink (UL) data through CPRB resource of a
contention based PUSCH (CP) zone from the at least two or
moré UEs; and

transmitting a hybrid automatic retransmit request
(HARQ) response with respect to the UL data through a
physical hybrid ARQ indicator channel (PHICH) to the at
least two or more UEs, |

wherein the CP zone is a resource area from wﬁich UL
data are transmitted without allocation of an UL grant and

wherein the CPRB resource and the PHICH is mapped to a
cyclic shift (CS) set up baséd on the CPRB indication

information.
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[claim 10]

A user equipment for transmitting uplink (UL) data in
a wireless communication syétem, comprising:

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

a processor,

wherein the processor is controlled to transmit
contention PUSCH resource block (CPRB) indication
information used for identifying a particular UE and/or
particular data to an eNB;

to transmit uplinkr data to the eNB through CPRB
resources of a contention based PUSCH (CP) zone; and

to receive a hybrid automatic retransmit request (HARQ)
response with respect to the UL data from the eNB through a
physical hybrid ARQ indicator channel (PHICH); and

where the CP zone is a resource area from whidh UL

data are transmitted without allocation of an UL grant and

wherein the CPRB resource and the PHICH is mapped to a
cyclic shift (CS) set up based on the CPRB indication

information.
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[Figure 5]
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[Figure 6]
Control region Data region
r_*% . A :

%
Z
Z

A
| |
A

First slot - Second slot

Frequency | o
: One subframe

Time



WO 2016/010217 7/35

[Figure 7]

Control regionJ

Data region<

RB pair

A

A
A

One Slot

One Slot %|

Frequency | T
ubframe

Time

PCT/KR2015/000415



PCT/KR2015/000415

8/35

WO 2016/010217

[Figure 8]

1y

SYS

'‘bad D)

(@) 1va

(€)S0 SY Wa

(¢)0d1

1N

(8) AY/SOW

gl
100

|awug | sse
q 804nosay

H4

V1/0

(€) 419




WO 2016/010217 9/35 PCT/KR2015/000415

[Figure 9]
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[Figure 10]
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[Figure 12]
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[Figure 15]
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[Figure 16]
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[Figure 18]
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[Figure 19]
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