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[Specification]

[Title of the Invention]
METHOD AND APPARATUS OF IN-SEQUENCE DELIVERY CONSIDERING MULTI-

FLOW IN DUAL CONNECTIVITY SYSTEM

[Technical Field]
[0001] The present invention relates to wireless communications, and more particularly,

to a method and an apparatus for in-sequence delivery considering multi-flows in a wireless

communication system supporting dual connectivity.

[Background Art]
[0002] Particularly many communication demands are generated in a specific area such

as a hotspot in a cell, and receiving sensitivity of radio waves may be degraded in a specific
area such as a cell edge or a coverage hole. With the development of wireless communication
technology, small cells, for example, a pico cell, a femto cell, a micro cell, a remote radio head
(RRH), a relay, a repeater, and the like are installed together in a macro cell for the purpose of
enabling communications in areas such as the hot spot, the cell edge, and the coverage hole.
Such a network is called a heterogeneous network (HetNet). In heterogeneous network
environments, the macro cell is a cell having a relatively large coverage, and the small cells
such as the femto cell and the pico cell are cells having a relatively small coverage. Since the
small cells such as the femto cell and the pico cell use power relatively lower than that of the
macro cell, the network is also referred to as a low power network (LPN). In the heterogeneous
network environments, coverages of multiple macro cells and small cells overlap with each
other.

[0003] User Equipment (UE) may perform wireless communications through two or
more base stations among base stations constituting at least one serving cell. This is referred to
as dual connectivity, and a wireless communication system supporting the dual connectivity is
referred to as a dual connectivity system. In this case, one of a plurality of base stations
physically or logically divided, which constitute the dual connectivity may be a macro base
station (alternatively, referred to as an anchor base station) and the other one may be a small
base station (alternatively, referred to as an assisting base station). The UE may be ‘dually
connectable UE’ allowing for dual connectivity and ‘dually inconnectable UE’ not allowing for

dual connection support.

Pantech Corporation
Ex. 2014
Page 5 of 68



[0004] A macro base station manages data flow control, security, and header
compression according to a packet data convergence protocol (PDCP) for data transmitted to a
small base station through a radio bearer (RB).

[0005] In general, a wireless communication system is a single flow structure in which
a service is provided to UE through one RB for one EPS bearer service. However, in the case
of the wireless communication system supporting dual connectivity, the service of one EPS
bearer may be provided to the UE through not one RB but through two RBs established in the
macro cell and the small cell, respectively. That is, the service may be provided to the UE
through multi-flows.

[0006] In the case of a radio link control acknowledged mode (RLC AM), an RLC
entity of the UE reorders RLC packet data units (PDUs) when received RLC PDUs are received
out of the order in a downlink. In the case of the RLC AM, a transmitting side may retransmit
an RLC PDU of which receiving is missed at a receiving side, again. The RLC entity
reassembles an RLC service data unit (SDU) based on the reordered RLC PDU and sequentially
deliver the reassembled RLC SDU to an upper layer (that is, a PDCP entity). In the case of the
RLC AM, the RLC SDUs may be sequentially delivered through reordering and retransmission
methods of the RLC PDUs. In other words, the PDCP entity needs to sequentially receive the
RLC SDUs except for re-establishment of a lower layer. However, in the case of the UE in
which multi-flows are constituted, the RLC entity for the small base station and the RLC entity
for the macro base station may be distinguished to receive the respective RLC SDUs and obtain
PDCP SDUs to deliver the obtained PDCP SDUs to the upper layer. In this case, the PDCP
entity may not sequentially obtain the PDCP SDUs. Accordingly, in the case of the UE using
multi-flows, a new method for in-sequence delivery of the PDCP SDU s to the upper layer from

the PDCP entity is required.

[Summary of the Invention]

[Task to be Solved]
[0007] The present invention provides a method and an apparatus for in-sequence

delivery considering multi-flows in a dual connectivity system.
[0008] The present invention also provides a method and an apparatus in which a
packet data convergence protocol (PDCP) entity at user equipment (UE) end sequentially

delivers PDCP SDUs to an upper layer in sequence in a multi-flow structure.
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[0009] The present invention also provides configuring an in-sequence delivery timer
in UE in a multi-flow structure.

[Means for Solving the Technical Task]

[0010] According to an aspect of the present invention, there is provided a method for
receiving, by user equipment (UE), multi-flow data with respect to one evolved packet system
(EPS) bearer through a macro base station (macro eNB) and a small base station (small eNB)
in a wireless communication system supporting dual connectivity. The method includes
receiving, by a packet data convergence protocol (PDCP) entity of the UE, PDCP packet data
units (PDUs) through the macro base station and the small base station from a PDCP entity of
the macro base station; obtaining PDCP service data units (SDUSs) corresponding to the PDCP
PDUs; and receiving from the macro base station, information regarding an in-sequence timer
for the PDCP SDUs through a radio resource control (RRC) message, wherein the PDCP SDUs
are indicated by a predefined PDCP sequence number (SN).

[0011] According to another aspect of the present invention, there is provided a method
for transmitting multi-flow data with respect to one evolved packet system (EPS) bearer from
a macro base station through the macro base station and a small base station in a wireless
communication system supporting dual connectivity. The method includes generating packet
data convergence protocol (PDCP) packet data units (PDUs) in a PDCP entity with respect to
packets received by the macro base station according to a PDCP sequence number (SN) of a
PDCP service data unit (SDU); distributing the PDCP PDUs to a radio link control (RLC)
entity of the macro base station and an RLC entity of the small base station according to a
determined rule and transmitting the distributed PDCP PDUs to the UE; and transmitting to the
UE, a radio resource control (RRC) message including information regarding an in-sequence
timer for the PDCP SDUs.

[Technical Effect ]

[0012] According to the present invention, in performing downlink transmission
through multi-flows in a dual connectivity system, even in the case that a PDCP entity of UE
receives PDCP PDUs in a non-sequential manner, the PDCP PDUs can be sequentially

delivered to an upper layer of PDCP SDUs, and transmission efficiency can be improved.

BRIEF DESCRIPTION OF DRAWINGS
[0013] FIG. 1 illustrates a wireless communication system according to the present

invention.
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FIG. 2 is a block diagram illustrating a radio protocol architecture for a user
plane.

FIG. 3 is a block diagram illustrating a radio protocol architecture for a control
plane.

FIG. 4 is a diagram illustrating an overview of an example of an RLC sublayer
model according to the present invention.

FIG. 5 illustrates an example of a dual connectivity situation of UE applied to
the present invention.

FIG. 6 illustrates an example of an EPS bearer structure when a single flow is
configured.

FIG. 7 illustrates an example of a network structure of the macro base station
and the small base station in the case of a single flow in a dual connectivity situation.

FIG. 8 illustrates an example of an EPS bearer structure when multi-flows are
configured in the dual connectivity situation.

FIG. 9 illustrates an example of a network structure of the macro base station
and the small base station in the case of multi-flows.

FIG. 10 illustrates a packet delivery process in the case of a single flow when
dual connectivity is considered.

FIG. 11 illustrates a packet delivery process in the case of multi-flows when
dual connectivity is considered.

FIG. 12 illustrates an example of a PDCP PDU receiving timing in a PDCP
entity of UE.

FIG. 13 illustrates an example of sequential upper layer transmission according
to a PDCP sequence number (SN) in a PDCP entity of UE.

FIG. 14 illustrates a method for in-sequence delivery of PDCP SDUs, which is
performed by a UE considering multi-flows according to the present invention.

FIG. 15 is a block diagram of a macro base station, a small base station, and UE

according to the present invention.

DETAILED DESCRIPTION

Hereinafter, in the specification, contents associated with the present invention

will be described in detail through illustrated drawings and embodiments together with contents

of the present invention. In the figures, even in the case that parts are illustrated in different
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drawings, it should be understood that like reference numerals refer to the same or equivalent
parts of the present invention as possible throughout the drawings. In describing the
embodiments of the present invention, when it is determined that the detailed description of the
known art configurations or functions related to the present invention may obscure the gist of
the present invention, the detailed description thereof will be omitted.

[0015] Further, a wireless communication network is described as a target in the
specification, and works performed in the wireless communication network may be performed
while a system (for example, a base station) controlling a corresponding wireless
communication network controls the network and transmits data, or the works may be
performed by user equipment (UE) coupled to the corresponding wireless network.

[0016] FIG. 1 illustrates a wireless communication system according to the present
invention. This wireless communication system may be a network architecture of an evolved-
universal mobile telecommunications system (E-UMTS). The E-UMTS may be called a long-
term evolution (LTE) or LTE-A (advanced) system. The wireless communication system may
use various multiple access techniques, such as code division multiple access (CDMA), time
division multiple access (TDMA), frequency division multiple access (FDMA), orthogonal
frequency division multiple access (OFDMA), single carrier-FDMA (SC-FDMA), OFDM-
FDMA, OFDM-TDMA, and OFDM-CDMA.

[0017] Referring to FIG. 1, the E-UTRAN includes an evolved NodeB (eNB) 20 that
provides a control plane (CP) and a user plane (UP) to user equipment (UE) 10.

[0018] The UE 10 may be fixed or movable and may be called other terms such as a
mobile station (MS), an advanced MS (AMS), a user terminal (UT), a subscriber station (SS),
a wireless device, and the like.

[0019] The eNB 20 generally refers to a station in communication with the UE 10, and
may be called other terms such as a base station (BS), a base transceiver system (BTS), an
access point, a femto-eNB, a pico-eNB, a home eNB, a relay, and the like. The eNBs 20 may
be connected to each other through an X2 interface. The eNB 20 is connected with an evolved
packet core (EPC) 30 through an S1 interface, more particularly, a mobility management entity
(MME) through an S1-MME and a serving gateway (S-GW) through an S1-U. The S1 interface
transmits and receives operation and management (OAM) information for supporting the
movement of the UE 10 by exchanging a signal with the MME.

[0020] The EPC 30 includes the MME, the S-GW, and a packet data network gateway
(P-GW). The MME has access information of the UE 10 or information on capability of the
UE 10, and the information is mainly used for mobility management of the UE 10. The S-GW

Pantech Corporation
Ex. 2014
Page 9 of 68



is a gateway having the E-UTRAN as an end point and the P-GW is a gateway having the PDN
as an end point.

[0021] The E-UTRAN and the EPC 30 are integrated to be called an evolved packet
system (EPS), and a traffic flow from a wireless link through which the UE 10 is connected to
the eNB 20 to the PDN connected to a service entity operates based an Internet protocol (IP).
[0022] A radio interface between the UE and the eNB is referred to as a Uu interface.
Layers of a radio interface protocol between the UE and the network may be divided into a first
layer L1, a second layer L2, and a third layer L3 based on three lower layers of an open system
interconnection (OSI) reference model which is widely known in a communication system.
Among the layers, a physical layer which belongs to the first layer provides an information
transfer service using a physical channel and a radio resource control (RRC) layer positioned
at the third layer controls a radio resource between the UE and the network by exchanging an
RRC message.

[0023] FIG. 2 is a block diagram illustrating a radio protocol architecture for a user
plane, and FIG. 3 is a block diagram illustrating a radio protocol architecture for a control plane.
The user plane is a protocol stack for transmitting user data, and the control plane is a protocol
stack for transmitting a control signal.

[0024] Referring to FIGS. 2 and 3, a physical (PHY) layer provides information
transfer service to the upper layer by using the physical channel. The PHY layer is connected
with a medium access control (MAC) layer which is an upper layer through a transport channel.
Data is transmitted between the MAC layer and the PHY layer through the transport channel.
The transport channel is classified according to how data is transmitted through the radio
interface.

[0025] Further, data is transmitted between different PHY layers (that is, between the
PHY layers of a transmitter and a receiver) through the physical channel. The physical channel
may be modulated by an orthogonal frequency division multiplexing (OFDM) scheme and uses
a time and a frequency as radio resources.

[0026] As an example, a physical downlink control channel (PDCCH) among the
physical channels notifies resource allocation of a paging channel (PCH) and a downlink shared
channel (DL-SCH) and hybrid automatic repeat request (HARQ) information associated with
the DL-SCH to the UE, and the PDCCH may transport an uplink scheduling grant notifying
the resource allocation of the uplink transmission to the UE. Further, a physical control format
indicator channel (PCFICH) notifies the number of OFDM symbols used in the PDCCHs to
the UE, and this is transmitted every sub-frame. Further, a physical hybrid ARQ indicator
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channel (PHICH) transports an HARQ ACK/NAK signal as a response of uplink transmission.
Further, a physical uplink control channel (PUCCH) transports uplink control information such
as HARQ ACKI/NAK, a scheduling request, a CQI for downlink transmission. Furthermore, a
physical uplink shared channel (PUSCH) transports an uplink shared channel (UL-SCH).
[0027] The MAC layer may perform mapping between a logic channel and the
transport channel and multiplexing or demultiplexing to a transport block provided to the
physical channel onto the transport channel of an MAC service data unit (SDU) that belongs
to the logic channel. The MAC layer provides a service to a radio link control (RLC) layer
through the logic channel. The logic channel may be divided into a control channel for
transferring control area information and a traffic channel for transferring user area information.
[0028] The functions of the RLC layer include concatenation, segmentation, and
reassembly of radio link control service data units (RLC SDUSs). In order to assure various
quality of services (QoS) requested by a radio bearer (RB), the RLC layer provides three
operating modes of a transparent mode (TM), an unacknowledged mode (UM), and an
acknowledged mode (AM).

[0029] The RLC SDUs may be supported in various sizes and as an example, may be
supported by a byte unit. RLC protocol data units (PDUs) are defined only when transmission
opportunity is notified from the lower layer (for example, the MAC layer), and when the
transmission opportunity is notified, the RLC PDUs are transferred to the lower layer. The
transmission opportunity may be notified together with the sizes of the total RLC PDUs to be
transmitted. Hereinafter, the RLC layer will be described in detail with reference to FIG. 4.
[0030] The functions of a packet data convergence protocol (PDCP) layer on the user
plane include transferring of user data, header compression, and ciphering. The functions of
the PDCP layer on the user plane include transferring of control plane data and
ciphering/integrity protection.

[0031] The RRC layer serves to control the logic channel, the transport channel, and
the physical channels in association with the configuration, re-configuration, and release of the
RBs. The RB means a logic path provided by the first layer (PHY layer) and the second layers
(the MAC layer, the RLC layer, and the PDCP layer) in order to transfer data between the UE
and the network. Configuring the RB defines features of the radio protocol layer and the
channel in order to provide a specific service and means a process of setting respective detailed
parameters and operating methods. The RB may be divided into two types of a signaling RB
(SRB) and a data RB (DRB) again. The SRB is used as a passage for transmitting a non-access
stratum (NAS) message and the RRC message on the control plane, and the DRB is used as a
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passage for transmitting the user data on the user plane.

[0032] An NAS layer is positioned above the RRC layer and performs functions such
as session management and mobility management.

[0033] When an RRC connection is established between the RRC layer of the UE and
the RRC layer of the E-UTRAN, the UE is in an RRC connected state, and if it is not, the UE
is in an RRC idle state.

[0034] A downlink transport channel for transmitting data from the network to the UE
includes a broadcast channel (BCH) for transmitting system information and besides, a
downlink shared channel (SCH) for transmitting user traffic or a control message. Traffic or a
control message of a downlink multicast or broadcast service may be transported through the
downlink SCH or transported through a separate downlink multicast channel (MCH).
Meanwhile, an uplink transport channel for transmitting data from the UE to the network
includes a random access channel (RACH) for transporting an initial control message and
besides, an uplink shared channel (SCH) for transporting the user traffic or the control message.
[0035] The logical channel that is positioned above the transport channel and mapped
to the transport channel includes a broadcast control channel (BCCH), a paging control channel
(PCCH), a common control channel (CCCH), a multicast control channel (MCCH), a multicast
traffic channel (MTCH), and the like.

[0036] The physical channel is constituted by a plurality of symbols in a time domain
and a plurality of sub-carriers in a frequency domain. One sub-frame is constituted by a
plurality of OFDM symbols in a time domain. One sub-frame is constituted by a plurality of
resource blocks, and one resource block is constituted by a plurality of symbols and a plurality
of sub-carriers. Further, each sub-frame may use specific sub-carriers of specific symbols (e.g.,
first symbols) of a corresponding sub-frame for the PDCCH. A transmission time interval (TTI)
which is a unit time when the data is transmitted is 1 ms corresponding to one sub-frame.
[0037] FIG. 4 is a diagram illustrating an outline of an example of an RLC sublayer
model according to an embodiment of the present invention.

[0038] Referring to FIG. 4, an RLC entity is divided into different RLC entities
according to a data transmission scheme. As an example, the RLC entity includes a TM RLC
entity 400, an UM RLC entity 420, and an AM RLC entity 440.

[0039] The UM RLC entity 420 may be configured to receive or transfer RLC PDUs
through logical channels (for example, DL/UL DTCH, MCCH or MTCH). Further, the UM
RLC entity 420 may transfer or receive an unacknowledged mode data (UMD) PDU.

[0040] The UM RLC entity is constituted by a transmission UM RLC entity or a
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reception UM RLC entity.

[0041] The transmission UM RLC entity receives RLC SDUs from the upper layer and
transmits the RLC PDUs to a peer reception UM RLC entity through the lower layer. When
the transmission UM RLC entity configures UMD PDUs from the RLC SDUs, if a specific
transmission opportunity is notified by the lower layer, the RLC SDUs are segmented or
concatenated to constitute the UMD PDUSs to be within a total size of the RLC PDUs indicated
by the lower layer, and the UMD PDUs are configured so that related RLC headers are included
in the UMD PDU.

[0042] The reception UM RLC entity transfers the RLC SDUs to the upper layer and
receives the RLC PDUs from the peer reception UM RLC entity through the lower layer. When
the reception UM RLC entity receives the UMD PDUs, the reception UM RLC entity may
detect whether the UMD PDUs are duplicately received to discard the duplicated UMD PDUs,
reorder a sequence of the UMD PDUs when the UMD PDUs are received out of the sequence,
avoid excessive reorder delays by detecting loss of the UMD PDUs in the lower layer,
reassemble the RLC SDUs from the reordered UMD PDUs, transfer the reassembled RLC
SDUs to the upper layer in an ascending order of an RLC sequence number (SN), and discard
the UMD PDUs which cannot be reassembled into the RLC SDU due to the UMD PDU loss
which belongs to the specific RLC SDU in the lower layer. During the RLC re-establishment,
the reception UM RLC entity reassembles the RLC SDUs from the UMD PDUs received out
of the sequence to transfer the reassembled RLC SDUs to the upper layer, if possible, and all
of the remaining UMD PDUs which cannot be reassembled into the RLC SDUs are discarded,
and related status parameters are initialized and related timers are stopped.

[0043] Meanwhile, the AM RLC entity 440 may be configured to receive or transfer
the RLC PDUs through logical channels (for example, DL/UL DCCH or DL/UL DTCH). The
AM RLC entity transfers or receives an AMD PDU or ADM PDU segment and transfers or
receives an RLC control PDU (for example, a STATUS PDU).

[0044] If the STATUS PDU is triggered and a block timer (t-StatusProhibit) is not
running or has expired, the STATUS PDU is transmitted at the next transmission opportunity.
Accordingly, the UE predicts the size of the STATUS PDU and considers the STATUS PDU
as data available for transmission in the RLC layer.

[0045] The AM RLC entity is constituted by a transmitting side and a receiving side.
[0046] The transmitting side of the AM RLC entity receives the RLC SDUs from the
upper layer and transmits the RLC PDUs to a peer AM RLC entity through the lower layer.
When the transmitting side of the AM RLC entity constitutes AMD PDUs from the RLC SDUs,
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the RLC SDUs are segmented or concatenated so as to be suitable within the total size of the
RLC PDU(s) indicated by the lower layer when the specific transmission opportunity is notified
by the lower layer, thereby constituting the AMD PDUs. The transmitting side of the AM RLC
entity supports retransmission (ARQ) of the RLC data PDUs. If the RLC data PDU to be
retransmitted is not suitable within the total size of the RLC PDU(s) indicated by the lower
layer when the specific transmission opportunity is notified by the lower layer, the AM RLC
entity re-segments the RLC data PDUs to the AMD PDU segments.

[0047] In this case, the number of re-segmentation is not limited. When the transmitting
side of the AM RLC entity creates the AMD PDUs from the RLC SDUs received from the
upper layer or AMD PDU segments from the RLC data PDUs to be retransmitted, related RLC
headers are included in the RLC data PDU.

[0048] The receiving side of the AM RLC entity transfers the RLC SDUs to the upper
layer and receives the RLC PDUs from the peer AM RLC entity through the lower layer.
[0049] When receiving the RLC data PDUs, the receiving side of the AM RLC entity
detects whether the RLC data PDUs are duplicatively received, discards the duplicated RLC
data PDUs, reorders the sequence of the RLC data PDUs when the RLC data PDUs are received
out of the sequence, detects the loss of the RLC data PDUs generated in the lower layer and
requests the retransmission to the AM RLC entity, reassembles the RLC SDUs from the
reordered RLC data PDUs, and transfers the reassembled RLC SDUs to the upper layer in the
reassembled sequence.

[0050] During the RLC re-establishment, the receiving side of the AM RLC entity
reassembles the RLC SDUs from the RLC data PDUs received out of the sequence, if possible,
to transfer the reassembled RLC SDUs to the upper layer, discards all of the remaining RLC
data PDUs which cannot be reassembled into the RLC SDUs, and initializes the related status
parameters and stops the related timers.

[0051] FIG. 5 illustrates an example of a dual connectivity situation of the UE applied
to the embodiment of the present invention.

[0052] Referring to FIG. 5, UE 550 positioned in a service area of a macro cell in a
macro eNB 500 (alternatively, an anchor base station) enters an area over-laid with a service
area of a small cell in a small eNB 510 (alternatively, an assisting base station).

[0053] In order to support an additional data service through the small cell in the small
eNB while maintaining existing wireless connection and data service connection through the
macro cell in the macro eNB, the network configures dual connection with respect to the UE.

[0054] Accordingly, the user data reaching the macro cell may be transferred to the UE
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through the small cell in the small eNB. Specifically, a F2 frequency band is allocated to the
macro eNB and a F1 frequency band is allocated to the small eNB. The UE may receive the
service from the macro eNB through the F2 frequency band and simultaneously, receive the
service from the small eNB through the F1 frequency band.

[0055] FIG. 6 illustrates an example of an EPS bearer structure in the case where a
single flow is constituted.

[0056] Referring to FIG. 6, a radio bearer (RB) is a bearer provided from the Uu
interface in order to support the service of a user. In the wireless communication system, each
bearer is defined for each interface to ensure independency between the interfaces.

[0057] Bearers provided by the wireless communication system are collectively called
an evolved packet system (EPS) bearer. The EPS bearer is a transmission path generated
between the UE and the P-GW. The P-GW may receive an IP flow from the Internet or transmit
the IP flow to the Internet. One or more EPS bearers may be constituted per UE, each EPS
bearer may be divided into an E-UTRAN radio access bearer (E-RAB) and an S5/S8 bearer,
and the E-RAB may be divided into a radio bearer (RB) and an S1 bearer. That is, one EPS
bearer corresponds to one RB, one S1 bearer, or one S5/S8 bearer, respectively. The IP flow
may have a different quality of service (QoS) characteristic according to which service
(alternatively, application) is used, and the IP flow having the different QoS characteristics
may be mapped and transmitted for each EPS bearer. The EPS bearers may be divided based
on an EPS bearer identity. The EPS bearer identity is allocated by the UE or the MME.

[0058] The packet gateway (P-GW) is a network node connecting the wireless
communication network (for example, an LTE network) and another network according to the
present invention. The EPS bearer is defined between the UE and the P-GW. The EPS bearer
is further subdivided between respective nodes, and the RB, the S1 bearer, and the S5/S8 bearer
are defined between the UE and the base station, between the base station and the S-GW, and
between the S-GW in the EPS and the P-GW, respectively. Each bearer is defined through the
QoS. The QoS is defined through a data rate, an error rate, a delay, and the like.

[0059] Accordingly, if the QoS which needs to be entirely provided by the wireless
communication system is defined as the EPS bearer, each QoS is defined for each interface.
Each interface is to set the bearer according to the QoS which needs to be provided by the
interface. Since the bearer of each interface is provided by dividing the QoS of the entire EPS
bearer for each interface, the EPS bearer, the RB, and the Sl bearer are basically in a one-to-
one relationship.

[0060] That is, an LTE wireless communication system basically has a single flow
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structure, where one RB is constituted for one EPS bearer. In other words, one EPS bearer is
mapped with the S1 bearer through one RB. In the case of the single flow, one EPS bearer is
serviced through one RB. In this case, one RB (for example, a PDCP entity, an RLC entity, a
MAC entity, and a PHY layer) is set in the base station for the corresponding EPS bearer and
one RB is set even in the UE.

[0061] FIG. 7 illustrates an example of a network structure of the macro base station
and the small base station in the case of a single flow in a dual connectivity situation. FIG. 7
illustrates a case in which the service is provided to UE through two EPS bearers.

[0062] Referring to FIG. 7, the macro base station includes two PDCP entities, an RLC
entity, an MAC entity, and a PHY layer, while the small base station an RLC entity, a MAC
entity, and a PHY layer. EPS bearer #1 700 provides the service to the UE through an RB
(PDCP/RLC/MAC/PHY) configured in the macro base station. On the other hand, EPS bearer
#2 750 provides the service to the UE through the PDCP entity configured in the macro base
station and the RB (PDCP/RLC/MAC/PHY) configured in the small base station. Therefore,
the service is provided through one RB for each EPS bearer in the single flow.

[0063] FIG. 8 illustrates an example of an EPS bearer structure when multi-flows are
configured in a dual connectivity situation.

[0064] Referring to FIG. 8, when multi-flows are configured, the service is provided
through not one RB but through two RBs configured in the macro base station and the small
base station, respectively with respect to one EPS bearer. The UE may simultaneously receive
the service through the RB configured in the macro base station and the RB configured in the
small base station with respect to one EPS bearer. This is a type in which one EPS bearer
provides the service through two RBs. As described above, in the case where one EPS bearer
provides the service to the UE through two or more RBs, it can be considered that the multi-
flows are configured.

[0065] FIG. 9 illustrates an example of a network structure of the macro base station
and the small base station in the case of multi-flows.

[0066] Referring to FIG. 9, the macro base station includes a PDCP entity, an RLC
entity, a MAC entity, a PHY layer, while the small base station includes the RLC entity, the
MAC entity, and the PHY layer. In FIG. 9, unlike FIG. 7, the RBs are configured in the macro
base station and the small base station, respectively with respect to one EPS bearer 900 to
provide the UE with the service. That is, the macro base station and the small base station
provide the service to the UE through the multi-flows with respect to one EPS bearer.

[0067] Meanwhile, when dual connectivity is considered, packet delivery processes in
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the case of the single flow and in the case of the multi-flows may be described below.

[0068] FIG. 10 illustrates a packet delivery process in the case of the single flow when
the dual connectivity is considered.

[0069] Referring to FIG. 10, a macro base station 1030 receives packets for two EPS
bearers, respectively through P-GW and S-GW. Herein, the flow in which the packets are
transmitted is mapped to each EPS bearer. It is assumed that packets transmitted through EPS
bearer #1 are packet 1 and packets transmitted through EPS bearer #2 are packet 2.

[0070] A PDCP 1035-1 of the macro base station 1030 receives packet 1 from the S-
GW and a PDCP 1035-2 receives packet 2 from the S-GW. The PDCP 1035-1 generates PDCP
PDUL1 based on packet 1, and the PDCP PDUL is delivered to an RLC 1040 of the macro base
station 1030 and transformed to a format suitable for each entity and layer to be transmitted to
UE 1000 through an MAC 1045 and a PHY 1050.

[0071] The PDCP 1035-2 of the macro base station 1030 generates PDCP PDU2 based
on packet 2 and the PDCP PDU 2 is delivered to an RLC 1070 of a small base station 1060 and
transformed to a format suitable for each entity and layer to be transmitted to the UE 1000
through an MAC 1075 and a PHY 1080.

[0072] Radio protocol entities are present in the UE 1000 with respect to EPS bearer
#1 and EPS bearer #2, respectively. In other words, in the UE 1000, a PDCP/RLC/MAC/PHY
entity (alternatively, layer) is present with respect to EPS bearer #1 and a
PDCP/RLC/MAC/PHY entity (alternatively, layer) is present with respect to EPS bearer #2.
Specifically, a PHY 1005-1, an MAC 1010-1, an RLC 1015-1, and a PDCP 1020-1 are present
with respect to EPS bearer #1, so that service data and packets for EPS bearer #1 are processed.
A PHY 1005-2, an MAC 1010-2, an RLC 1015-2, and a PDCP 1020-2 are present with respect
to EPS bearer #2, so that service data and packets for EPS bearer #2 are processed.

[0073] Meanwhile, the macro base station 1030 and the small base station 1060 may
be connected through an X2 interface. That is, the macro base station 1030 delivers PDCP
PDU?2 of the PDCP 1035-2 to the RLC 1040 of the small base station 1060 through the X2
interface. Herein, the X2 interface may be used as an X3 interface or another expression
designating an interface between another macro base station and another small base station
may be used. In this case, when the X2 interface between the macro base station 1030 and the
small base station 1060 is constituted by a non-ideal backhaul, the transmission delay of
approximately 20 to 60 ms may occur. However, even in this case, since the RLC 1015-1 and
the PDCP 1020-1 for EPS bearer #1 and the RLC 1015-2 and the PDCP 1020-2 for EPS bearer
#2 are separately configured in the UE 1000, a problem does not occur even when the RLC
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SDUs are sequentially delivered from the RLC entity to the PDCP entity of the AM.

[0074] FIG. 11 illustrates a packet delivery process in the case of the multi-flows when
the dual connectivity is considered.

[0075] Referring to FIG. 11, a macro base station 1130 receives packets for one EPS
bearer through a P-GW and an S-GW. The macro base station 1130 and a small base station
1160 configure RBs, respectively with respect to one EPS bearer. Specifically, the macro base
station 1130 constitutes a PDCP 1135, an RLC 1140, an MAC 1145, and a PHY 1150 and the
small base station 1160 constitutes an RLC 1170, an MAC 1175, and a PHY 1180.

[0076] The PDCP 1135 of the macro base station 1130 receives the packet from the S-
GW. The PDCP 1135 generates PDCP PDUs based on the packet and appropriately distributes
and delivers the PDCP PDUs to the RLC 1140 of the macro base station 1130 and the RLC
1170 of the small base station 1160 according to a predefined rule or a predetermined method.
For example, PDCP PDUs having odd numbered SNs among the PDCP PDUs may be
transmitted to the RLC 1140 of the base station 1130 and PDCP PDUs having even numbered
SNs may be transmitted to the RLC 1170 of the small base station 1160.

[0077] The RLC 1140 generates RLC PDU1(s) and the RLC PDUL(s) is transformed
to a format suitable for each entity or layer to be transmitted to the UE 1100 through the MAC
1145 and the PHY 1150. Further, the RLC 1170 generates RLC PDU2(s) and the RLC PDU2(s)
is transformed to a format suitable for each entity or layer to be transmitted to the UE 1100
through the MAC 1175 and the PHY 1180.

[0078] Two radio protocol entities are present with respect to the EPS bearer. In other
words, in the UE 1100, the PDCP/RLC/MAC/PHY entity (alternatively, layer) is present as the
RB corresponding to the macro base station 1130, and the RLC/MAC/PHY entity (alternatively,
layer) is present as the RB corresponding to the small base station 1160. Specifically, the PHY
1105-1, the MAC 1110-1, the RLC 1115-1, and a PDCP 1120 corresponding to the macro base
station 1130 are present, and the PHY 1005-2, the MAC 1010-2, and the RLC 1015-2
corresponding to the small base station 1160 are present, with respect to the EPS bearer. The
PDCP 1120 is a PDCP entity corresponding to the macro base station 1130 and the small base
station 1160, simultaneously. That is, in this case, two RLC entities 1115-1 and 1115-2 are
present at the UE 1100 end, but two RLC entities 1115-1 and 1115-2 correspond to one PDCP
entity 1120.

[0079] As described above, the macro base station 1130 and the small base station 1160
may be connected through the X2 interface. That is, the macro base station 1130 delivers some
of PDCP PDUs of the PDCP 1135-2 to the RLC 1140 of the small base station 1160 through
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the X2 interface. Herein, the X2 interface may be used as an X3 interface or another expression
designating an interface between another macro base station and another small base station
may be used. In this case, when the X2 interface between the macro base station 1130 and the
small base station 1160 is constituted by the non-ideal backhaul, the transmission delay of
approximately 20 to 60 ms may occur. The PDCP entity 1120 of the UE 1100 receives RLC
SDUs (that is, PDCP PDUs) from two RLC entities 1115-1 and 1115-2, respectively and
generates PDCP SDUs and delivers the generated PDCP SDUs to the upper layer. Due to the
transmission delay, in the RLC SDUs (that is, PDCP PDUs) received from the PDCP entity
1120, a difference in time occurs between the RLC SDUs received from the RLC entity 1115-
1 and the RLC SDUs from the RLC entity 1115-2, and a problem may occur when the PDCP
entity 1120 performs in-sequence delivery of the PDCP SDUs to the upper layer.

[0080] As illustrated in FIG. 11, one PDCP 1135 is present in the macro base station
1130 and one PDCP entity 1120 is present in the UE 1100 for the multi-flows in dual
connectivity environments. In addition, the RLC entities 1140 and 1170 are present in the
macro base station 1130 and the small base station 1160, respectively, and two RLC entities
1115-1and 1115-2 are present in the UE 1100 to correspond to the RLC entities 1140 and 1170.
That is, in-sequence delivery to the upper layer may be guaranteed at the ends of the RLC
entities 1115-1 and 1115-2 of the UE 1100. However, the RLC SDUs (that is, PDCP PDUs)
are delivered from not one RLC entity but from two RLC entities 1115-1 and 1115-2 at the end
of the PDCP entity 1120 of the UE 1100. In-sequence delivery at the ends of the RLC entities
1115-1 and 1115-2 may not guarantee in-sequence receiving of the PDCP PDUs at the end of
the PDCP entity. Further, the transmission delay of 20 to 60 ms may be accompanied in the
transmission of the PDCP PDU(s) from the PDCP entity 1135 of the macro base station 1130
to the RLC entity 1170 of the small base station 1130, and a time delay may occur between
transmission of the PDCP PDU(s) toward the RLC entity 1140 of the macro base station 1130
and transmission of the PDCP PDU(s) toward the RLC entity 1170 of the small base station
1130. Consequently, even when the PDCP entity 1120 of the UE 1100 receives the PDCP
PDU(s) transmitted by the PDCP entity 1135 of the macro base station 1130, a difference in
receiving time occurs between transmission through a lower end of the RLC of the macro base
station and transmission through a lower end of the RLC of the small base station occurs, and
it is difficult for the PDCP entity 1120 of the UE 1100 to sequentially receive the PDCP PDU(s).
[0081] FIG. 12 illustrates an example of a PDCP PDU receiving timing in a PDCP
entity of UE. FIG. 12 exemplarily illustrates a time when a PDCP PDU transmitted through a
macro base station and a PDCP PDU transmitted through a small base station reach a PDCP
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entity of UE. The macro base station may determine the PDCP PDU to be transmitted through
the macro base station and the PDCP PDU to be transmitted through the small base station with
respect to the service for one EPS bearer. FIG. 12 exemplarily illustrates a case in which odd
numbers among the PDCP sequence numbers (SNs) are transmitted through the macro base
station and even numbers among the PDCP are transmitted through the small base station.
[0082] Referring to FIG. 12, there is a difference in time delay between a receiving
time of the PDCP PDU transmitted through the macro base station, in the UE, and a receiving
time of the PDCP PDU transmitted through the small base station, in the UE. The transmission
delay of approximately 20 to 60 ms may occur in the PDCP PDU transmitted through the small
base station. In this case, when the PDCP entity of the UE receives the PDCP PDUs in a non-
sequential manner due to a difference in time between RLC (AMD) SDUs delivered from two
RLC entities. When the PDCP entity immediately delivers the received PDCP PDUs to the
upper layer (for example, an application layer), it is problematic that sequential transmission is
not performed.

[0083] That is, since the PDCP PDU transmitted from one PDCP entity of the macro
base station is transmitted through the RLC entity of the macro base station and the RLC entity
of the small base station in the multi-flow structure, the time delay occurs in receiving the
PDCP PDUs in the PDCP entity of the UE. Accordingly, there is a problem in sequentially
transmitting the PDCP SDUs from the PDCP entity to the upper layer.

[0084] The PDCP entity of the UE performs deciphering and header decompression on
the received PDCP PDU and transmits the PDCP SDU to the upper layer. In this case, when
there are PDCP SDUs having the sequence number (SN) which is smaller than the sequence
number (SN) of the current PDCP SDU, the PDCP SDUs are transmitted to the upper layer in
the order from the smaller SN to the larger SN.

[0085] Meanwhile, a transmission side of the PDCP entity may operate a discard timer.
The duration of the discard timer may be configured from the upper layer, and when the PDCP
SDU is received from the upper layer, the timer starts. When the discard timer has expired, the
PDCP entity discards the corresponding PDCP SDU. Accordingly, even in the existing case, a
PDCP SDU of a specific SN may be missed due to the expiration of the discard timer.

[0086] That is, when the multi-flows are supported in a dual connectivity situation, in
the case where the PDCP PDUs are not sequentially received, the case may be determined as
any one of two cases described below. However, which case of two cases described below the
case is may not be distinguished.

[0087] The first case may be a case in which the discard timer has expired. In the base
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station, the discard timer is driven every PDCP SDU processed by the PDCP entity of the base
station during the downlink transmission. In the case where the quantity of packets input into
the PDCP by driving the discard timer is greater than a predetermined reference, packets which
are not processed within the duration of the discard timer may be discarded and the
corresponding packets may be newly processed based on a retransmission request performed
in the upper layer.

[0088] The second case may be a case of a receiving delay of a transmission path of
the PDCP PDU. The PDCP entity of the macro base station may separate and transmit the
PDCP PDUs through the macro base station and the small base station due to the multi-flows.
In this case, a time difference may occur at the time of receiving the PDCP PDUs in the PDCP
entity of the UE due to a delay caused due to different paths.

[0089] In such a situation, in each of the case of the multi-flow transmission path
receiving delay and the case where the PDCP discard timer has expired, a method that may
sequentially transmit the PDCP SDUs to the upper layer in the PDCP entity of the UE is
required.

[0090] A sequential transmission method of the PDCP SDUs to the upper layer
considering the multi-flows will be described below.

[0091] The PDCP sequence number (SN) of the PDCP SDU corresponding to the
PDCP PDU received in the PDCP entity is confirmed, and if the PDCP SN of the PDCP SDU
is not sequential (that is, when the SN prior to the PDCP SN of the PDCP SDU is missed), an
in-sequence timer for the PDCP SDU is driven. In this case, the duration of the in-sequence
timer may be determined by considering the receiving delay of the transmission path of the
PDCP PDU in the case of the multi-flows. Alternatively, the duration of the in-sequence timer
may be determined by considering an overall situation of the system.

[0092] When the in-sequence timer for the PDCP SDU has expired, the PDCP SDU is
transmitted to the upper layer. The reason is that when the PDCP PDU corresponding to the
PDCP SDU for the PDCP SN which has been missed is not received by the PDCP entity of the
UE until the in-sequence timer has expired, it can be considered that the corresponding PDCP
SDU is removed by the elapse of the discard timer at the transmission side of the PDCP entity
of the macro base station.

[0093] While the in-sequence timer for the PDCP SDU is running, when the PDCP
PDU corresponding to the PDCP SDU for the PDCP SN prior to (that is, missed from) the
PDCP SN of the PDCP SDU is received, and thus, the PDCP SDUs may be sequentially
transmitted, the in-sequence timer has expired and the corresponding PDCP SDUs are
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sequentially transmitted to the upper layer.

[0094] A transmission control protocol (TCP) is a protocol designed based on
sequential reception of the packets. When the packet is not received in the TCP according to
implementations, a window which may be transmitted at the end of the TCP may be reduced,
which may reduce the transmission efficiency. Accordingly, when the packet is transmitted to
the upper layer at a predetermined radio protocol end, even in the case that the delay time is
added, guaranteeing the sequential transmission may be more advantageous in terms of the
overall capability of the network.

[0095] FIG. 13 illustrates an example of sequential upper layer transmission according
to the PDCP sequence number (SN) in the PDCP entity of the UE. FIG. 13 illustrates a case in
which PDCP SDUs having odd numbered PDCP SNs are received by the UE through the macro
base station and PDCP SDUs having even numbered PDCP SNs are received by the UE
through the small base station.

[0096] Referring to FIG. 13, since there is no previous or missed PDCP SN, PDCP
SDU #1 may be transmitted to the upper layer. However, in the case of PDCP SDU #3, at the
time when a PDCP PDU corresponding to the PDCP SDU #3 is received by the PDCP entity
of the UE, a PDCP PDU corresponding to PDCP PDU #2 is not received. Accordingly, in this
case, an in-sequence timer for PDCP PDU #3 is driven. Similarly in the cases of PDCP SDU
#5 and PDCP SDU #7, the in-sequence timer for each of PDCP SDU #5 and PDCP SDU #7 is
driven.

[0097] When PDCP SDU #2 is present in the PDCP entity of the UE (that is, the PDCP
PDU corresponding to PDCP SDU #2) before the in-sequence timer for PDCP SDU #3 has
expired, the UE confirms that PDCP SDU #2 and PDCP SDU #3 are sequentially present after
PDCP SDU #1 and sequentially delivers PDCP SDU #2 and PDCP SDU #3 to the upper layer.
In this case, the in-sequence timer for PDCP SDU #3 expires or ends. However, even in this
case, PDCP SDU #4 has not yet reached and an in-sequence timer for PDCP SDU #5 and an
in-sequence timer for PDCP SDU #7 still operate.

[0098] Thereafter, when PDCP SDU #4 is present in the PDCP entity of the UE before
the in-sequence timer for PDCP SDU#5 has expired, the UE transmits PDCP SDU #4 and
PDCP SDU #5 to the upper layer and the in-sequence timer for PDCP SDU#5 expires or ends.
[0099] Further, when PDCP SDU #6 is present in the PDCP entity of the UE before an
in-sequence timer for PDCP SDU#7 has expired, the UE transmits PDCP SDU #6 and PDCP
SDU #7 to the upper layer and the in-sequence timer for PDCP SDU#7 expires or ends.
[00100] In the above description, the in-sequence timer duration may be set when the
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PDCP entity is configured in the macro base station. The in-sequence timer duration may be

set by considering a transmission delay time of the backhaul between the macro base station

and the small base station.
[00101]

The in-sequence timer may be transmitted from the macro base station to the

UE through the RRC message. Specifically, for example, the in-sequence timer may be

included in a PDCP configuration (config) which is an RRC information element as the

following syntax.

[00102] [Table 1]
—— ASN1START
PDCP-Config ::= SEQUENCE {
discardTimer ENUMERATED {
msb0, ms100, ms150, ms300, ms500,
ms750, ms1500, infinity
} OPTIONAL, -— Cond Setup
inseqTimer ENUMERATED {
ms20, ms30, ms40, ms50, ms60,
} OPTIONAL, -- Cond Setup
rlc-AM SEQUENCE {
statusReportRequired BOOLEAN
) OPTIONAL, -- Cond Rlc-AM
rlc-UM SEQUENCE {
pdep-SN-Size ENUMERATED {len7bits, lenl2bits}
} OPTIONAL, -- Cond Rlc-UM
headerCompression CHOICE {
notUsed NULL,
rohc SEQUENCE {
maxCID INTEGER (1..16383) DEFAULT 15,
profiles SEQUENCE {
profile0x0001 BOOLEAN,
profile0x0002 BOOLEAN,
profile0x0003 BOOLEAN,
profile0x0004 BOOLEAN,
profile0x0006 BOOLEAN,
profile0x0101 BOOLEAN,
profile0x0102 BOOLEAN,
profile0x0103 BOOLEAN,
profile0x0104 BOOLEAN
5,
}
5,
[[ rn-IntegrityProtection-r10 ENUMERATED {enabled} OPTIONAL -— Cond RN
11,
[[ pdcp-SN-Size-v11x0 ENUMERATED {lenl5bits} OPTIONAL  —— Cond Rlc-AM2
11
}
—— ASN1STOP
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[00103] Referring to Table 1, the PDCP configuration (config) information element
includes an inseqTimer field. The inseqTimer field indicates an in-sequence timer value. The
inseqTimer field is driven when the PDCP SDU corresponding to the PDCP PDU received by
the PDCP entity is not sequentially formed in the sequence of the PDCP SN. That is, when a
PDCP SDU of PDCP SN #n—1 smaller than PDCP SN #n of the PDCP SDU is missed, the in-
sequence timer may be driven for the PDCP SDU of the corresponding PDCP SN #n.

[00104] FIG. 14 illustrates a method for in-sequence delivery of the PDCP SDUs, which
is performed by UE considering the multi-flows according to an embodiment of the present

invention.

[00105] Referring to FIG. 14, the UE confirms whether obtained PDCP SDUs are
sequentially present in the sequence of the PDCP SN (S1400).

[00106] When the PDCP SDU of PDCP SN #n is present, but the PDCP SDU of PDCP

SN #n—1 is missed, the in-sequence timer for the PDCP SDU of the PDCP SN #n is driven
(S1410).

[00107] When the UE obtains the PDCP SDU of PDCP SN #n—1 before the in-sequence
timer for the PDCP SDU of PDCP SN #n has expired, the UE sequentially delivers the PDCP
SDU of PDCP SN #n—1 and the PDCP SDU of PDCP SN #n to the upper layer (S1420).
[00108] When the in-sequence timer for the PDCP SDU of PDCP SN #n has expired in
S1410, the UE delivers the PDCP SDU of PDCP SN #n to the upper layer (S1430). It is because
that this case is not the case caused by the receiving delay of the transmission path of the PDCP
PDU due to dual connectivity but a case in which the PDCP SDU of PDCP SN #n—1 is
discarded by the PDCP discard timer.

[00109] FIG. 15 is a block diagram of a macro base station, a small base station, and UE
according to an embodiment of the present invention.

[00110] Referring to FIG. 15, UE 1500 according to the embodiment of the present
invention may configure dual connectivity with a macro eNB 1530 and a small eNB 1560.
Further, the UE 1500, the macro eNB 1530, and the small eNB 1560 according to the present
invention support the multi-flows described above.

[00111] The macro eNB 1530 includes a macro transmitting unit 1535, a macro
receiving unit 1540, and a macro processor 1550.

[00112] The macro receiving unit 1540 receives a packet for one EPS bearer from the
S-GW. The macro processor 1550 controls the PDCP entity of the macro eNB 1530 to generate
PDCP PDUs. The macro processor 1550 distributes the PDCP PDUs according to a
predetermined reference to transfer (alternatively, transmit) some of the PDCP PDUs to the
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RLC entity of the macro receiving unit 1540 and transmit some of the PDCP PDUSs to the UE
through the macro transmitting unit 1535. The macro processor 1550 transfers (alternatively,
transmits) a remaining portion of the PDCP PDUs to the RLC entity of the small eNB 1560
through the macro transmitting unit 1535. In this case, the PDCP SDUs corresponding to the
PDCP PDUs may be divided and indicated according to the SN.

[00113] Further, the macro processor 1550 generates information on an in-sequence
timer for the PDCP SDU and transmits the information to the UE through the macro
transmitting unit 1535. The information on the in-sequence timer may be defined every PDCP
SDU. The macro transmitting unit 1535 may transmit the information on the in-sequence timer,
including the RRC message (for example, a RRC connection reconfiguration message), to the
UE 1500.

[00114] The small eNB 1560 includes a small transmitting unit 1565, a small receiving
unit 1570, and a small processor 1580.

[00115] The small receiving unit 1570 receives the PDCP PDU from the macro eNB
1530.

[00116] The small processor 1580 processes the PDCP PDU by controlling the RLC

entity, the MAC entity, and the PHY layer of the small eNB 1560 and transmits the processed
PDCP PDU to the UE through the small transmitting unit 1565.

[00117] The UE 1500 includes a UE receiving unit 1505, a UE transmitting unit 1510,
and a UE processor 1520. The UE processor 1520 performs a function and a control required
to implement the features of the present invention described above.

[00118] The UE receiving unit 1505 receives information on the in-sequence timer from
the macro eNB 1530. The information on the in-sequence timer may be defined every PDCP
SDU, and the information on the in-sequence timer may be included in the RRC message (for
example, the RRC connection reconfiguration message) and be received by the UE receiving
unit 1505. In this case, the UE transmitting unit 1510 may transmit an RRC connection

reconfiguration completion message to the macro eNB 1530.

[00119] Further, the UE receiving unit 1505 receives data for the respective PDCP PDUs
from the macro eNB 1530 and the small eNB 1560.
[00120] The UE processor 1505 analyzes the data and controls the PHY layer(s), the

MAC entity(s), the RLC entity(s), and the PDCP entity of the UE 1500 to obtain the PDCP
SDU.

[00121] The UE processor 1505 confirms the PDCP SN of the PDCP SDU obtained
from the PDCP entity and confirms whether there exists a PDCP SDU of omitted PDCP SN

24
Pantech Corporation
Ex. 2014
Page 25 of 68



#n—1. When there exists the PDCP SDU of the omitted PDCP SN #n—1, the UE processor 1505
operates the in-sequence timer with respect to a PDCP SDU of the next PDCP SN #n of the
omitted PDCP SN #n—1.

[00122] When the UE processor 1505 obtains the PDCP SDU of the omitted PDCP SN
#n—1 before the in-sequence timer has expired, the UE processor 1505 performs in-sequence
delivery of the PDCP SDU of the PDCP SN #n—1 and the PDCP SDU of the PDCP SN #n to
the upper layer.

[00123] When the in-sequence timer has expired, the UE processor 1505 transfers the
PDCP SDU of the PDCP SN #n to the upper layer without waiting until the SDU of the omitted
PDCP SN #n—1 is obtained.

[00124] The above description is merely an illustrative description of the technical idea
of the present invention, and those skilled in the art will appreciate that various modifications
and variations may be made without departing from the essential characteristics of the present
invention. Therefore, the embodiments disclosed in the present invention are intended to
illustrate rather than limit the technical idea of the present invention, and the scope of the
technical idea of the present invention is not limited by these embodiments. The scope of the
present invention should be interpreted by the following claims, and all technical ideas within
a scope equivalent thereto should be interpreted as being included in the scope of the present

invention.
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CLAIMS

1. A method for receiving, by user equipment (UE), multi-flow data with respect to one
evolved packet system (EPS) bearer through a macro base station (macro eNB) and a small
base station (small eNB) in a wireless communication system supporting dual connectivity, the
method comprising:

receiving, by a packet data convergence protocol (PDCP) entity of the UE, PDCP
packet data units (PDUs) through the macro base station and the small base station from a
PDCP entity of the macro base station;

obtaining PDCP service data units (SDUs) corresponding to the PDCP PDUs; and

receiving from the macro base station, information regarding an in-sequence timer for
the PDCP SDUs through a radio resource control (RRC) message,

wherein the PDCP SDUs are indicated by a predefined PDCP sequence number (SN).

2. The method according to claim 1, further comprising:

confirming respective PDCP SNs of the obtained PDCP SDUs and performing in-
sequence delivery of the PDCP SDUs to an upper layer from the PDCP entity according to the
PDCP SN.

3. The method according to claim 2, further comprising:

confirming whether there exists a PDCP SDU of PDCP SN #n—1 which has been
missed, notwithstanding obtaining a PDCP SDU of PDCP SN #n; and

driving the in-sequence timer for the PDCP SDU of PDCP SN #n when there exists
the PDCP SDU of PDCP SN #n—1 which has been missed.

4. The method according to claim 3, wherein when the in-sequence timer for the PDCP
SDU of PDCP SN #n has expired, the PDCP SDU of PDCP SN #n is exceptionally delivered
to the upper layer of the PDCP entity, even when there is no PDCP SDU of PDCP SN #n—1.

5. The method according to claim 3, wherein before the in-sequence timer for the PDCP
SDU of PDCP SN #n has expired, when the PDCP SDU of PDCP SN #n—1 is obtained, the
PDCP SDU of PDCP SN #n—1 and the PDCP SDU of PDCP SN #n are delivered to the upper
layer according to the sequence of the PDCP SN.
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6. A method for transmitting multi-flow data with respect to one evolved packet system
(EPS) bearer from a macro base station through the macro base station and a small base station
in a wireless communication system supporting dual connectivity, the method comprising:

generating packet data convergence protocol (PDCP) packet data units (PDUs) in a
PDCP entity with respect to packets received by the macro base station according to a PDCP
sequence number (SN) of a PDCP service data unit (SDU);

distributing the PDCP PDUs to a radio link control (RLC) entity of the macro base
station and an RLC entity of the small base station according to a determined rule and
transmitting the distributed PDCP PDUs to the UE; and

transmitting to the UE, a radio resource control (RRC) message including information

regarding an in-sequence timer for the PDCP SDUs.

7. The method according to claim 6, wherein the RRC message including the information

regarding the in-sequence timer is an RRC connection reconfiguration message.
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ABSTRACT

The present invention provides a method for receiving, by user equipment (UE), multi-
flow data with respect to one evolved packet system (EPS) bearer through a macro base station
(macro eNB) and a small base station (small eNB) in a wireless communication system
supporting dual connectivity. The method includes receiving, by a packet data convergence
protocol (PDCP) entity of the UE, PDCP packet data units (PDUs) through the macro base
station and the small base station from a PDCP entity of the macro base station; obtaining
PDCP service data units (SDUs) corresponding to the PDCP PDUs; and receiving from the
macro base station, information regarding an in-sequence timer for the PDCP SDUs through a
radio resource control (RRC) message, wherein the PDCP SDUs are indicated by a predefined
PDCP sequence number (SN).

<Representative Drawing>

FIG. 14
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FIG. 8
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FIG. 9
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FIG. 10
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FIG. 11
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FIG. 12
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FIG. 14
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FIG. 15
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G (19) 3+ =53 4 (KR) (11) ZHHE  10-2014-0133346
\ (12) & H—f—?ﬂ%i(A) (43) FALA 20149119199
(51) =AESEF(Int. Cl.) (71) &Y<
HO4B 7/26 (2006.01) =23 A
(21) =95 10-2013-0053408 NeEMA wET Aotz 179 (AotE dE Ao
(22) &=4dA} 2013\ 305¥10 LAt A EUY)
AT PE (72) @A)
A4
A& vpET AR 179, (AdE, AALER
DAIE])
374
e mlET AUE 179,  (Ads, AHAGRE
DAIE])
(o] A=)
(74) g9l
o 2glolo] w &3 H QI

% °l%ﬂ€ A=A dE] 2298 13T 24 AE I 2 AH

2 g2 olF AZ(dual connectivity)s A YsteE FA F21 A]x" A @2 (UE)o] wWlZZ2 7]A] = (Macro

2 A2 71X F(Small eNB)S E38to] slbe] EPS(Evolved Packet System) Hlo]# (bearder)el th3l HEl =
2 (multi flow) HolHE FAlsHE WS AT, v WHe 7] @] PDCP(Packet Data Convergence
Protocol) <MEIE](entity)E “37] HHELE 71x=ke] PDCP QIEE|ZRE 47| wjaz 7Aa D A7) A8 7| x|
< %3l PDCP PDUES S=4lst= @A, A7) PDCP PDU(Packet Data Unit)Eel th-53H= PDCP SDU(Service Data
hit)ES 853 9, 2 7] Uﬁli 71X = o ZHE RRC(radio resource control) WAIXE &E3&lo] A7)
PDCP SDUEON thek =2t Btelulo] #3F AWE FAete GAE £3stE, 7] PDCP SDUES vE]l A% PDCP
SN(Sequence Number) 2. & AAHE EAo7Z 3},

0 Z =- %14

S1400

/S35t PDCP SDUSO0| PDCP SNO| sektE o2 =
Tstex| 2ol

$1410

PDCP SN #n| PDCP SDUZ} ZXH5tLt PDCP SN
#n-19| PDCP SDU7} S-2t&l 22, 47| PDCP SN
#no| PDCP SDUOY| CHSH &%t EfO|{E 25

PDCP SN #no| PDCP
SDUOj ciot &=X} Efo|of
7h g2 g|7] M PDCP SN
#n-19| PDCP SDU ¥/ 52

51430
$1420 PDCP SN #n2| PDCP SDUO]| L

B & ] = 240
At7| PDCP SN #n-12] PDCP SDUS} At7| B 2R EoInI s 22,

22 PDCP SN #n2| PDCP
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EEEEE
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3% ¥
A7 1
o]% A4d(dual connectivity)s A Ysl= FA4 BA A|aE A W (UE)o] wlZZ 7]A] =7 (Macro eNB) ¥ A&

71 A= (Small eNB)= E3}o] 3}1}e] EPS(Evolved Packet System) o2l (bearder)ol] th3dt HE] Z29-(multi
flow) HoJEE A8t W=,

A}7] wrte] PDCP(Packet Data Convergence Protocol) NEJE](entity)+s 7] w32 71X]=2] PDCP <QNEJE]=
e 7] w3z A e 2 Y] 28 714 5E Fshe] PDCP PDUES FAlsks dHAl;

filo
ot
Bl
o

ol
rlr
e}
X
g

~}7] PDCP PDU(Packet Data Unit)Eol th-&3}= PDCP SDU(Service Data Unit)E<

A7) w3 E ANAFOe2RE RRC(radio resource control) WAIXE F&o] A7) PDCP SDUES] e <= E
oo B3 ARZ =N GAS sty ,

AF7] PDCP SDUE-S 12 A ol® PDCP SN(Sequence Number) O & AAHE EA O sl A WY,
A8 2

Al 18l glofA,

A7) B53% PDCP SDUE Y] ZF PDCP SN& &¢latar, A7) PDCP SDUS thate] AF7] PDCP SNell wh2} PDCP <lE]E]
oM 49 AFToem £AH L"é’(ln—sequence delivery)& Fdst= A& H 23S SHLE =, 4
AL

A7 3

Al 2%l oA,

n9 PDCP SDUE &S8R ol= E7-3taL, 7hd PDCP SN #n-12] PDCP SDUZF A&=A] &l A,

iEna

-19] PDCP SDUZ} 94&= 79, 7] PDCP SN#ne] PDCP SDUO widle] A7) &3 golHE
TEoe dAE L8FgS EHoE e, 4 3

A 3%l glefA,

gkeF 237] PDCP SN#ne] PDCP SDUe th@k =xb Epolw7} wrmsi= 4%, 7] PDCP SN #n-19] PDCP SDU7F 1+
o= Batal, oe]xo 4] PDCP SN#ne] PDCP SDUE PDCP <lE]Ele] 49 AZoz Agde =xo=
Shz, A .

AT% 5

Al 38l oA,

wkek A1) PDCP SN#ne] PDCP SDUS thdt =2} Elolw 7} W& w7 A, A7] PDCP SN#n-12] PDCP SDUE 3 =3}
79~ PDCP SN¢ ¢i}oﬂ wlg} A7) PDCP SN#n-12] PDCP SDU 2 4}7] PDCP SN#ne] PDCP SDUE A9 AZo &

7
-
Ry
50 = L
dedhe 5Yo2 s, #A P

1__ [e]

Z(dual connectivity)s AYP3e F4 Al A|="oA wla=Z Z[X|Fro A Z7] a2 7| A= ED 2~
=& B3l sl EPS wlojg o] g HE] 29 HolHE wiR HEss o‘ﬂéoi

A7) Wi ARZ 71A T o] FAlskE #iFlel dldte] PDCP QlE]E]Cl A PDCP SDUS] PDCP SNell uwhe} PDCP PDUES A7

AF7] PDCP PDUES Aell & we} A7) wjaz2 7]x3¢] RLC(Radio Link Control) AEJE] & A7) A& 7]
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A=2] RLC <IEJE]e] Fufsto] 7] bt

2
}7] PDCP SDUE<l W3k <=2} Elolmo] #3 FHE F 33} RRC WAIXNE AV gz A5s)

3 = 9AS %3
& EAHoR i, Ad U,
A3 7

Al 67l lolA,

A7 w2k gelwe] @3 AWE ¥3ksl= A7) RRC HAR= RRC 9ZA AFA(RRC connection

reconfiguration) HIAAYUS ER o R 3=, A% Wy,

2 oo B Bl @3k Aoz, wHu AASHAE ol 9A(dual connectivity)E X ¥dteE FA FAl A
28l A HE] 2292 183 ¢34 A (in-sequence delivery) W 2 = Ao #3F Ao},

A

AU g A3 (hotspot) W B2 54 A oAM= 588 B 34 ot BAsa, A AA(cell edge)

e AWPIA] E(coverage hole)d} 2 A X HoM= Ayt A d=rt €
o wgtste] wah, 3 Agrolut, A AA, ANYA T Z2 AY =
w22 A(Macro Cell)Wol] =& A(small cell)E, o1& €9, I3 A(Pico Cell), FE ’%‘(Femto Cell), m}
olZ& A(Micro Cell), ¥4 FA 3|=(remote radio head: RRH), Hdol(relay), FA7|(repeater)so] &4
AAHETE, o]gdt U EYAE o]F U EHYA(Heterogeneous Network: HetNet)E} F-E2tr}. o]F HEYA 37
A Addom wjaz A AWM A (coverage) 7t & A(large cell)o]al, ME Ay} vj37 Az e ~5 A
< AWYATE 42 Aot} wjaR A nlste] HE A 93 Ay Fe 25 AL AHES ALY
AZHUEL(LPN: Low Power Network)2ln% 3t}. o]F UEY A SAoA ths2 vjmz A5 2 ~8 AL 7
of AR FHo] WAZ T}

e Aok el MYAS A E VIATE T F ol VAT E Fi B BAS I8 4 Q.
°|F o]%F AA(dual connectivity)olgl }al, 7] olF A4S Adste T4 &4 A2®E ol A4 Al
golg}t sith, oluf, o]F AZAS FASE EEHor kE =gHon FEY B4 MAIE F e wja

AT (EE PAZIAF)ola, TE stue 28 7IXF(EE oJA=" 7IX)Y F dvh. @Ee ojF o
4do] 7bss ‘ol A4 Tt ‘Er‘“a" I o)lF AF Aol BUFsd ‘ol A4 EVF: @R d 4tk
W22 71X FAwoe](Radio Bearer:RB)E F3 £~& 7|AFo2 HAFHE volEEo] sk % dolg

g3 7F2F(PDCP: Packet Data Convergence Protocol)el welA dlolg z&F Ao, B 2 g5 (Header

compression) oo g},

Ak o FA1 SAl AARE shuhe] EPS Hloje] MuAE flste] shube] RBE TSk Muavh whEel Aly
T AF 2R TRog. 23U, olF AAE Adshe Tl S Al=Ee] A she] BPS wloe & sh
o RB7F obd w2 Alsp A Al Zb7h AAEE S j9] RBE Eete] AN AE dEe Aled 5 Ay S
HE] FR4-E Bk Aujzrt ddE Agd ol

ol

ﬂ

RLC AM(Acknowlegdged mode)®] 7% 3} ToA wrike] RLC <NEJE]+= =418+ RLC PDU(Packet Data Unit)7}
Fafel] oAU A" A5, 471 RLC PDUE Al E(reorder)@th. RLC AM®] -9 41 FHolA 2l
RLC PDUE &4l SellA Bl A& (retransmission) & 4 Ath. 7] RLC <AEE]= 47] Amf<E € RLC PDU
£ 7]Wke & RLC SDU(Service Date Unit)E A ZH(reassemble)dtal, 9l AlS (S, PDCP AEE)OZE A4
o2 Agdt, RLC AM ¢ 4% RLC PDUS Alu<d (Reordering) ¥ A H%(Retransmission) WS T3l &=k
Aol Mol 7Mesit. thA] e, PDCP <MElEl= 3¢ AlE<el A A (re-establishment)E A3+ 745-, RLC
SDUE w=atA ez deitotof it} Ty WE Z257F A8 s &2 49 25 71A5 tig RLC Y

Els} wjaz 7)|X = 1mﬂRmowwV}?fﬁﬂzwhq&cwsz_47 PDCP SDUE & 53t 49 AT
o7 Aad £ 9lar, o] A9 PDCP e E A= PDCP SDUE ¢x12 o8 E5a#] 28 4+ 9t wabs, 4y
_4_
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[0013]
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FE5E AREShe dHe] A PCP AEEA 9T R PDCP SDUS wAARl AEE A7 Al =8 WSkl
L4
ggel vg

s F et = FA

o] V)eA Bl oledd AlaRldA W E295 aEd eAHA A9 iy Bl AAE ATl o

n

7led PA= dE F29 FRoA G dolA 2 PDCP SIEJE]7} PDCP SDUE AT o2 &
H =i

I8 AAE Al el i

w EHe] E gE 7led dAs HE 22 oA g A A9 gelvE g3l vk

Ao Hd T

Hoakmle] o okgo] wEw, o]F dA(dual connectivity)S AAstE FA EA A|2Elo A gh(UE)o] wi=
2 7]A=(Macro eNB) % 2E 7]X=(Small eNB)S E3&}e] 3}}e] EPS(Evolved Packet System) o]
(bearder)ell gt HE Z2Z9-(multi flow) TIoJHE 4:/\13}: s AFerh. A7l BHeS Y] dE

PDCP(Packet Data Convergence Protocol) EJEl(entity): A7] wiz=E 7]x|=+2] PDCP SIEJE]ZH-E A7 v
gz 7AF L A A2E 7)AFE E3Fe] PDCP PDUE S —}F’\ &= ©@A, A7) PDCP PDU(Packet Data Unit)E
o] t)&3}+= PDCP SDU(Service Data Unit)Eg 53 ©@A, 2 A7) wjaz 7| = 2ZFE RRC(radio

resource control) WAIA|E F3&te AF7] PDCP SDUE Eﬂ‘d s=2b glolud] #3 ARE FalslsE GAS 3
3t%], A7) PDCP SDUES uvl&] A olE PDCP SN(Sequence Number) S 2 AA|ES EA o7 3},

E awo] 2 o o] wEW, o]F AZA(dual connectivity)S X LetE FA Bl A AHoA wjmE 7
Az A 7] W3R 7| A = B 2E VA S-S E3ke] shte] EPS Hlojele] sk HE] E29- HolHE WdER
AEste PHS AFdn. A7) WL 7] w3z 7| =e] FalskeE diFledl oiske] PDCP <IE]E]el A PDCP
SpU2] PDCP SNell uwh2} PDCP PDUE-S A/dshe= w7, “37] PDCP PDUES AaZ 3ol ukel 7] wia= 7|A =
9] RLC(Radio Link Control) AEIE] @ A7] A& 7]x|=+2] RLC AEJE|o] Eufjsle] 7] @z dEstes oA,
2 A7) PDCP SDUE o W3k <=2} Elojujo] #3 FRE F 33l RRC HAIAE A7) OG22 AFss dAS ¥
43S 5oz g,

o] g7

2 oage] way o]F A4 AxdoA "HE Z2(multi flow)E FEa AES ST 9o, @z
PDCP AEJE]o] W24 o2 PDCP PDUZF S=AlE|t)gta, PDCP SDUS A9 AFoz =34 AdS =388 4
oI—rY 3_%: §_%% SEA} S _/r: o]q

= 2= AREA B (user plane)o] it ¥4 TR ES FZ(radio protocol architecture)E YERAN EExo]
=

= 32 Ao} FW(control plane)ol] digh 4 Z2EZ P25 el E5xo|t)

L4 & oo &5 RIC AEAST Zde o 49 /e s yed Zoltt

L 5E & I AEEE ©Ee ol A4 48 d JdF vepdt

T 6 AF T FAE 499 BPS wlolg] Fx «dF vehidg

5 7& o]F AZ A3dA, dE ZESYY a2 VAT 2 2F VAT UEYS F29 ofE Uehdt.
L 82 olF dA AFlA, "y ZE97F 8E A9 EPS HlojE & o5 yEilt

T 9% HWH ZESYY IR VAT P AE VAT UEYI Fx oE eI
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5 10& oF A4S ned W, 43 B2 49 9% 99 $4S vdeha,
R 11e olF 9448 nel@ o, PE TR 4% A% A9 gL ek,

% 12& wde] PDCP ME Eel A PDCP PDU =41 ElolW o] o& thebvict,

% 138 o] ppCP <MEJE]ol Al PDCP SN(Sequence Number)ol W& w214 A9 Az A5 o vehdo
T e 2 g whe WE E295 ey gl o] als= PDCP SDU oAk e WES vkt
T 15% U wE ma32 A5, 25 7| AS 9 g E5kot),

ur o 2AI5E7] 9 —7’-2"1/’37 ol &

= . ; O e =
£ wuge] EASUSE 45E & FUW REE NS Sa dol Rl Brh. ER, 2 gAY
AN g AWEel glol, BAE FA A EE /sl fE FAYA dde] B A axE 5 5 9
Ui weEE Aeds 1 A dge Ak
EE 2 gAAE BA BN dERDE dor Ause, BA B2 UEADAA oFlAE Ade Y
PA BN MEGIE B A2DCAE Fo] A4 MEADE Aojstn volHE S o
A ool AL, Y R vEN D A GuelA Fele] o Fol 5 gl

E 18 B ddgo] Hgx= FXEA A|AES yeldch, o] E-UMIS A]Z~®l(Evolved- Universal Mobile
Telecommunications System)2] UWEHZA 2 ATk, E-UMTS A]2=®l2 LTE(Long Term Evolution) X+
LTE-A(advanced) A1~ & 4= it} FAEA AJ2E2 CDMA(Code Division Multiple Access), TDMA(Time
Division Multiple Access), FDMA(Frequency Division Multiple Access), OFDMA(Orthogonal Frequency
Division Multiple Access), SC-FDMA(Single Carrier-FDMA), OFDM-FDMA, OFDM-TDMA, OFDM-CDMAS®} #-2 t}efsh
b A% NS AT & g,

»

= 18 FzE3sh, E-UTRANS ©+2(10; User Equipment, UE)olAl Ao} HW(control plane:CP)¥} A& HwA
(user plane:UP)< #|&3F= 71A=1(20; evolved NodeB :eNB)S g3t}

G (10)S T FH ALY o]BAS 7Hd 4 9o, MS(Mobile station), AMS(Advanced MS), UT(User Terminal),
SS(Subscriber Station), FA17]7](Wireless Device) & T2 8oj=2 Y 4 2l

1A= (20)& dutdg o G (10)3} EASE A M (station)S D3k, BS(Base Station, BS), BTS(Base
Transceiver System) MA 2~ EJAE(Access Point), HFE 7|A =1 (femto-eNB), I3 7]A =1 (pico-eNB), &7]A]
= (Home eNB), #H#lol(relay) & the &olz B & vk, 7IAF(20)EL X2 AEFA 0|25 Fato] A= AZA
2 5 9 7]7451‘(20)% S1 QlE o] ~E 53 EPC(Evolved Packet Core, 30), Xt} AAsAlE SI-MES &5
3 MME(Mobllity Management Entity)9} S1-UZ =3 S-GW(Serving Gateway)9} AZHTE. S1 Qg H o)== MME
oF NEE nEFgoEH G (10)9 o]5S A Ystr] ¢k 0AM(Operation and Management) R E FawbE=t),

1

EPC(30)= MME, S-GW 2 P-GW(Packet data network-Gateway)Z X3t} MMEE ©(10)9 A& AHELU g
(10)9] 9o o3 ARE 73 9gon, o)gd FRE Wt (10)9 olEA Flo] F= AL, S-GiE E-
UTRANS Zddoz  zk=  FolEg|olo]ln, P-GF= PDN(Packet Data Network)S ZTg@ogw 2zl
Ao E gl o] o],

E-UTRAN®} EPC(30)E 35l EPS(Evoled Packet System)d} B3 = glom whak(10)0] 71A|==(20) &3}
L RAYg2EE Ay dEER AZAGFE PINJA e EE i%% R IP(Internet Protocol) 7]¥to =
i

) Ak B QI H o] 25 Uu E Ao~ s, o YES A Alole] 4 dHHE e~ ZEE

Z(Radio Interface Protocol)?] AIFEL TAAAHA Y] & M A=z 43554 (0pen System

Interconnection; 0SI) 7] E4e] 39 37) AFS nfgez AIAZ(LLD), A2ASD2), ASASOLHZ &
g 5 9 o] FdA A1AZA Fole EEAISS E@ A d(Physical Channel)S ©]§3 AHEHAFAH 2
(Informat1on Transfer Serv1ce)a A3 P:t], Zﬂ?ﬁ:ﬂ%oﬂ ¢ #]38l= RRC(Radio Resource Control) 7% RRC ™|
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[0023]

[0024]

[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

2IHE3d 10-2014-0133346

= AF8A HHA (user plane)d] that T4 TREZ FTX(radio protocol architecture)E e EE5Eo0)

% 32 Alo] HW(control plane)o] e 4 T2EF F2E ved BEo|th. AMEA HWe AMEA

golg HAFS Y3 LZEZ A®(protocol stack)olal, Ao HWHLS AorE HES Y3 TREZ
el

T2 % & 38 Fx3W, EYAZS(PHY(physical) layer)> Z2] 4 Q(physical channel)& o]&3&te] A A
ZolA AR HWE Aul2(information transfer service)E AFdct. EAZE A9 A5 wiAlH A
(Medium Access Control: MAC) A&+ HEAE(transport channel)S &3l 2. MAC A AT
Atolell Al HEAES Fa8 diolElyt Agdt. 74 Qe ol ~E F3 ulolElrt DA HEH vt wek A

SAde] EFdET.

3, 2 EYAS AR, A71et Fal71e] EEAS AteDelA EEAES Bl dolgrt
Agdn, A7) E9x2-& OFDM(Orthogonal Frequency Division Multiplexing) ®2o® Wx"E £ 9lon,
v FARYo T e},

Rl

ofx

d o=, EZAd F PDCCH(physical downlink control channel)s oAl PCH(paging channel)®} DL-
SCH(downlink shared channel)®] A1 &% 2 DL-SCHe} ## ¥ HARQ(hybrid automatic repeat request) X
& 4851, PDCCHE oAl AEHa AF Ad d3ds de2ge AP 2AEE 2HEE YE + A
t}. 3, PCFICH(physical control format indicator channel)® W&ol A PDCCHEO] ARE-=+E OFDM A9
T2 gy, v ARy dduiet dEsFEct. w3, PHICH(physical Hybrid ARQ Indicator Channel)® Abaks]
3 AL $9o = HARQ ACK/NAK A1&E Et}h. w3k, PUCCH(Physical uplink control channel)& 3}3Fg =
A&l oigk HARQ ACK/NAK, 2=AIE™ 83 3 QL9 Z2& 4Fd3a Ao ARE vk, ®gh, PUSCH(Physical
uplink shared channel)-& UL-SCH(uplink shared channel)2 W-&t},

MAC AT =elAlgdy AeAgzte] ¥y 2 =gl do] &3k MAC SDU(service data unit)9] AFAd o
2 BEgAYE ATHe A5ES(transport block) 29| th53t EE dAvFsE £y 5 . MAC AL
=2 Al9S F3 RLC(Radio Link Control) AlZel AH|2=E AlFect, =gAdL Ao 99 Hro ALdS
gk Al A D AR 99 FRY dES 9% EYY AEE YE 5 9

f

o

RLC AlF<] 7152 RLC SDUS] <dZ(concatenation), *(segmentation) 2 A ZAF(reassembly)E X33t}
T2 Ho]2](Radio Bearer:RB)7} 273t Y43 QoS(Quality of Service)E HA3F7] 98, RLC AL ¥4
X =(Transparent Mode, TM), H]&<9l X =(Unacknowledged Mode, UM) % 21X = (Acknowledged Mode, AM)2]

A A FHEREES AlFe).

RLC SDUES thakdk Aloj=m A Pxn | A o2 Hlo|E(byte) ¥92 AY=2 4 v}, RLC PDU(protocol data
wnit) 5L s AZ(, MAC AZ)o2HE A% 73] (transmission opportunity)”} X (notify)E wiowt 7+
AE™, 47 1571871 BRE w RLC PDUEL SHAS o= Addrt. 47 A$473e= 14529 F RLC PDUE
o] Z7|¢} A ERE 5 Ur). o8t & 494 RLC AlZe] tlslA] zpA|B] A skt

Ab8-2} Fwol| A ] PDCP(Packet Data Convergence Protocol) A|Z9] 7]%& AFgA}F ©HlolEY A, dy ¢
(header compression) ¥ 9% 3}(ciphering)E X g3tcl, A2 HAH A2l PDCP AlF2 75 Aol HH

olH 9] A & A5 /F A% HZ(integrity protection)E X33t}

RRC AlESS RBE9 FA(configuration), A4 (re-configuration) = allA|(release)$} #AHEF ] =gy,
AEAd 2 EYALGES] AolE HEert. RBe ©E UESIZY dolg AEdg 3] Al AF(PHY AS)
2 A2 AFMAC AlZF, RLC AlS, PDCP AZ)el o8 AzEe =24 A2E onsr. RB7F #4dte 3
54 AH|2E AFer] A8 FA ZREF AF 9 ALY EAS A, 449 FAX] detvy 9 F
2 S dASE BgS 9nditk. RB= thA] SRB(Signaling RB), DRB(Data RB)Z &2 4= AT}, SRB=
Aol FH A RRC WIAIA] 2 NAS(Non-Access Stratum) WIAA]E Afss T2Z ALEEM, DRBE AFEA 4
AlA A&} HolHE HEsts T2 AMEHT.

NAS AlF& RRC Al Aol Xty AT (Session Management)$} o)A @] (Mobility Management) %
o 75& s,

thko] RRC A5 E-UTRANS| RRC AlS Akelel RRC AAA(RRC Connection)©] & A9 ©E2 RRC 12
(RRC connected state)oll ¢lar, 182 Z3 A RRC FA AEH(RRC idle state)oll i},
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[0034]

[0035]

[0036]

[0037]

[0038]

[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

ZIHS31 10-2014-0133346

HYELFAA S22 dolHE AFste sIFHI AFALdZe A2®|ARE %3+ BCH(Broadcast Channe
D 2 o]9el A8} EEH"JO]Ur A A A& AF3hi= &Y A SCH(Shared Channel)o] lul. speFd =
HAEE HEE HRERAE Mulzo Efy HE ﬂoﬂ”ﬂ’\ Ao A sgH A S(HE F8 A9 5= A2,

= Hxo g8 MCH(Multicast Channel)S % T o9tk gk, g A HESAR dolHE
= A AsAdRs 7] AojdA ]E # 45} RACH(Random Access Channel)$} 1 o] 9o AFg-%}
U AoAm AN E AEsk= A A SCH(Shared Channel)7} 9lth.

i
2
o\-}«
mkﬁ
4 L

rr

Mo b
= ofy 1
of

i)
o,

AgFAE FHal deomn, AFAde uwlFEH= =g A<D (Logical Channel)Z+% BCCH(Broadcast Control
Channel), PCCH(Paging Control Channel), CCCH(Common Control Channel), MCCH(Multicast Control Channel),
MTCH(Multicast Traffic Channel) S°] ¢lt}.

g A (Physical Channel)> AlZF @A o /e Ay} Fag gooA oz sfe] F-ukEak(Sub-

carrier)2 FAETE. dhte] AMBZ A (Sub-frame) Al GGl E2] OFDM A& (Symbol ) EZ FA4H Y.

she] MqE=ZY e E49 2AYEZ(Resource Block) E2 FAEY, 3l AYEFLE 549 HEED 55

o FrEI(sub-carrier) =2 T EY. e 7 MHZ#H Q1S PDCCH(Physical Downlink Control Channel)&

A3 MG MrzHde 54 A5, A A4 AE)d 54 FeESES o8& + At dHelErt dE
= @Azl TTI(Transmission Time Interval) 1719 B Z o) 3|Fst= Imso|th.

% 4 2 odge) Axdrt 485 RC AuAE 5o o o9 s vehd molt,

= 47 s, 9919l RC AL entin) s Aol A8 gl del A2 o e AdER s o
o=, TM RLC ¢ E]E](4OO) UM RLC <NE]E](420), AM RLC <NE]E](440)7} ¢

UM RLC <1EJE](400)= RLC PDUES =@ A€ S5 (49, DL/UL DTCH, MCCH T+ NMICH)E E3] Al TE AP E=E
A" F 9 3, UM RLC <ME]E]:= UMD PDU(Unacknowledged Mode Data PDU)E HAEalAY $418 4=

=
UM RLC olEJE]E= £41 UM RLC QIEJE] & 41 WM RLC AEEZ G- E o},

%21 UM RLC EJE]:= A =07 1Rmswg%¢ﬁ4ﬁRme%%:H1ﬂ%%%ﬂi*%?ﬁum
RLC MEEZ gttt $21 UM RLC AMEJE]7} RLC SDUEEHH UMD PDUES 74E o,
A% 7137} BHEH RLC SDUES E(segment)d}AL OE17‘4(concatenate)&oq 39 A ]

PDUSS & Z7] oUl7} H =2 UMD PDUSS #4338Fa, UMD PDUYIel] & RLC S0 E3H =2 LA,

41 UM RLC EE = A9 AlF o2 RLC SDUES HEsta sh9] AleS &3 3o (peer) 41 UM RLC JHEH =
58 RLC PDUES FAlgt}. 541 UM RLC HHAUWPWgsﬁ%U%:ﬂ,*ﬂUMMC@HHEUMPw%
o] FHo7 FALYEA RS A ste] FEE UMD PDUEL #H7]8ka, UMD PDUEC] <=xtollA oy} (out of
sequence) TAIE Z$- UMD PDUES] A& Xﬂﬂﬁcé(reorder)O}El, 3¢ 74] o A1) UMD PDUES] £=4& 7A]5}¢]
B3 A AA5S ‘%}ﬂﬁ}i(avoid), el E UMD PDUEZH-E RLC SDUES A Z ¥ (reassemble)dtar, Ab
7] AZHHE RLC SDUES RLC SN(sequence number)9] 2 E2}<(ascending order) o2 A{AIFoRE HAEslar,
aﬂﬂ%ﬂHA<%@Rmsmml%%LMHWJ*NEOOHmcwMamzaﬂ<§ﬂbdumpw~ﬁJ%ﬂ -
mq RLC A% (re-establishment)Al, 441 UM RLC <NEIE]= 7heslthd &abellA] Holju =418 UMD PDUS

SE RLC SDUES AzHse] A9AZFez Adstar, RIC SDIERE AxHe a 4= AW FolglE UMD PDU
%-8— TF Hrista, #d A A54ES 27|88t A8 golHES X3,

i<
2
i

Sk, AM RLC AIEJE](440)%= RLC PDUES +=2]A1€ (o], DL/UL DCCH or DL/UL DICH) &S &3 4 Ee A
L2 749 4 gtk AM RLC MEJElE= AMD PDU HEE ADM PDU Al 29 E(segnement)S A&7}t #A18kaL,
RLC Ao} PDU(d], STATUS PDU)E A&&lAL =218}

L)

wkek  STATUS PDU7F Ed]A RS 1o pekelo]w (t-StatusProhibit)”7} X35 (running) o)A &AL R A
< ], A7) STATUS PDUE ths A 7]13]o] Mg, webd @2S STATUS PDUS] A7]E «l&3kal, RLC AlS
oA A5 $8) A8 713 doleE4 7] STATUS PDUE a1 gt}

AM RLC AE]E]= $A15-(transmitting side) 2} A1 -(receiving side) 2 T4 ¥},

AM RLC <1 wwl%li% I8 AFSe2HE RLC SIUES l&ﬁRmeggoh41%%%%HﬂﬂAM&c
AEE) 2 HEghrt. AM RLC dEJE]e] $415= RLC SDUEESE AN PDUE Ak o, k9 A= o8 EA
@%—1ﬁﬂ-%i%rméhwh;14ﬂ14ﬂﬁ RLC PDU(E)9] %5aﬂu1 u=7] 9l& RLC SDUES &

— 8 —
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[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

[0057]

[0058]

ZIHS31 10-2014-0133346

(segment )Y 4% (concatenate)sle] AMD PDUES A3k, AM RLC AMEE ] $414%+= RLC data PDUES]
AN A5 (ARQS X L3ch, v AAEZE 7] RLC data PDUZE ) AISol 28] 54 A% 71371 SxE u 3
AASel o) AAIE RLC PDU(E) S & A7) W2 A @=vhd AM RLC <lE]E]= RLC data PDUE AMD PDU
segment & 2 A& (re-segment ) ¥},

oluff, AjE-&<] 74=(the number of re-segmentation)t A|3FE A &=t}. AM RLC AEE]Q] SAIRT}L A9 AS
o 2XE 4415 RLC SDUEEH-E] AMD PDUES YFEAY E+= A A4E5= RLC data PDUEEH-E] AMD PDU Al 1HE
55 WE uf, RLC data PDUSHe] 3= RLC dlgjEo] ¥ggt}.

AM RLC AEJE]S] A= A9 AFo = RLC SDUES A¥E3lal RLC PDUES 319 AlSS 53] 3o AMRLC <
EJE| 2R E 28}

AM RLC AE]E]9] F=A15-= RLC Ho]E PDUES 4192 uf, RLC Ho]E PDUEC] FHOE FAHANEA AFE
ZFA)8kal, F=E3 RLC Ho]E PDUES #H7]|8laL, RLC Hlo]E PDUEC] AlAZ2oA Hojit(out of sequence)

H A9 RLC tlolE PUES A4S A<D (reorder)stal, stAIZo A WAE RLC dlo]E PDUEY &S 7
A3t Fo] AM RLC AEEHe AAEL a7star, Aujdy RLC doly PDUSEXE RLC SDUSS AxHY
(reassemble)dlal, A7) AZHEFE RLC SDUES AZHE <=3 =(in sequence) FYAIFo 2 HAL3It},

RLC AAAA, AM RLC <IEJE]S] A15-= Zhsatrpyl Al@zola] "lojut =415 RLC Hlol¥ PDUEZHF-E RLC
DUES Azt FAFTo=2 HAEstar, R CSUME.ﬁz%§§l¢%ﬁf%4%Eﬂ&CﬂﬂHPWEE-L
F Hr)eta, #E AE AEES 273 B EolmES FX| g}

= 55 B o] A HEEH= dHe olF A4 43 d oAE el

%= 55 &34, W32 7|A = (E= dA(anchor) 71A=, 500) U wjm=2 Ao AMu]x X x5}
(550)¢] == 7|A = (EE oJAAH(assisting) 71X, 510) Wl =& A AH]2~ 93 FH (over-laid) ¥
Adog 795 A S-olr},

a2 A= Wy wjae Ae B3 )= B
/ﬂ]O E_tﬂ— z7]_7§10 H]O]E1 }\_1]:]] % ]%_5_}_

1

¢
hin
¢

CIE R DI IR PN =
| fetel, MEQAE W] Yaie] olF A4 LA

ol whe}, wimm Ao m=FF AREAF HolH= AE VAT AE AS S 9ol A ded 5 Sl T
How, F2 Fuk o] mjam 7|A o] dR-HaL, F1 F35 o] 2x 7[A = &dd
B 7ASe R F2 F3g U9ge Sl MHaE FAlEeE SA, AE VAF R

Bl A28 FAT 5 Qi AFolth,

ﬂlﬁ
[U (o]
:(o
>
e
D
fu

© 6 42 EFRSE TAHE 492 S wole T2 o tehdn,

L 68 FX3IH, RBE AMEAY] AH|AE Zl%é} 1 913 Uu hEHo] 2ol A AT E= w2 (bearer)o|th. 7%
7] FAEA AlaE A= ZF QIE o]ttt Zh2be] wojelE Aefste], QIEF ol ~EY] SYAHS SR
ATt
A}z

FEA /\]ZL%‘O] Xﬂ%‘c—?}E W HE FH 3} EPS(Evolved Packet System) wloj@]&}ar ghc}. EPS o]
E & A2 (transmission path)o|th. P-GiE QIEUeZHE [P 295 4 B
MH@OEIPiEﬁE e 4 Slvk. EPS wlojes @Ed sk o) FAE 4 dem, 7 EPS wloje=
E-RAB(E-UTRAN Radio Access Bearer) % S5/S8 H|oj#|& yFolZ& 4= i, A7] E-RAB:= RB(Radio Bearer),
S1 HojE = yyold o Sdv. &, shue] EPS Hlojel= Z47} shbe] RB, S1 Hloj2], S5/S8 wHjojefel
LTt ojE Mu|A(EE o]ZYAo)H)E o]&stE=rtd Wt [P T2 29$E tE QoS(Quality of Service) &
A& 7HE 4 9L, ZF EPS HlojedE AR tE QoS B5AE 7HE 1P EE97F #HREH HEE 5 v
EPS Hjo] & *“*‘X}(EPS bearer identity)S 7|Wro 2 EPS Hloig]r} FEE 4= gtk A7) EPS Hlojz] 2\EAts=
UE HE+= MMEO] o]8to] &d(allocate) I th.

P-GW(Packet Gateway)w & o] mE FHZA WAYFA(AE E°] LIE WEHD)Y o2 HEYT Ao
AAs= UEYA w==o]t}. EPS biﬁf%%ﬂPGWMPHWAEW EPS Hlojzl= Z+ =E(node) Aboldl
e AlEstEo], wdal 7]A]=r Afo]i= RB, ZIA=dk S-GW Aleli= S1 wloje], —1¥]ar EPC Wl4-9] S-GWe} P-GW
Abol= S5/S8 Hloj#l®E AojwEth, Zbzhe] HlojYE QoSE Fd BHEUt. QoSE dlolE & (data rate), o
(error rate), A< (delay) 5 T3l Aodt).
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[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

[0072]

ZIHS31 10-2014-0133346

ughx], A7) FAEA Alz=Ee] AAH R AFHoF s QoS7t EPS HlojE|E AHoE i v, 7} AEHo]
with Zhzke} QoS7F A Ktk ZF ¥ Ho]l = Aol AFs ok k= QoSel ] wloiH g dAstE 3ol 7t
e o] 29 Hlojg= A EPS W2 ] QoSE QIH#H oA E Yol AFstEE, EPS Wl ¢k RB, S1 o]
7 T& BT V|EHoR Aol A ).

é,ME¥HEDJNé%%ﬂE@Qi%ﬁ%%i%?&iﬂ,aqﬂMSﬂﬂﬂ%$FW1ﬂ44RW}¥@

"o, oAl 28, sube] EPS o= skl RBE Fsked S1 Wlojwe} WEET. da 2299 A4S s

EPS HlojE 7} st RBE E3dto] AMnjAgc), o] &%ﬂﬂ%ﬂtéﬁ%wsﬂﬂﬂ%1%W1&QARMﬂ%
S, PDCP <lEJE], RLC SIEJE], MAC SIEJE], PHY AS)7F A, wdo A shuhe] RB7F A7 H ).

7e ol% A7 FPelA, 42 FE9AW WAR 4K B A% 5] MEQL T2 €F e,
7¢ F EPS Wolel & Baho] wikol A2k AlFH D gl B golth,

HH

75 FAxsd, wjAE 1A= 2709 PCP <lEE, RLC CE[E], MAC <lE[E], ZE]al PHY AT
Waﬂd E7VH%>MCMHH MAC QEJE] 12| PHY AlES ¥3Hsicl. EPS HWloj# #1(700)L =2
l %l RB(PDCP/RLC/MAC/PHY)E -&3dto] whdell Au|2E AlFgtt. Rk EPS wlold] #2(750)+= vwi=
; J@ PDCP <MEJE]9} & 71x|=fo]l FA1® RB(RLC/MAC/PHY)E B3le] w@dtol Mu|2Z #)g3tc),
EZ o)A shvhe] EPS Hloly] MR &fute] RBE E3te] AH] vt AlFHr).

L 82 olF dZ AgelA, dWH Z=57F A" A5l EPS HlojE & & dEit

B 22971 A" A skt EPS o el diste] shbe] RB7F obd mlARE Z|A = W
E 7A =] Zhzb AR 27019 RBE Fshe] ARt AlFEh. @i shube] EPS wojEe] uisle] WA=
=& Z|AF 7% RBE Fdlo] TAll AMH|2E ATHS vk o] kel EPS
olel7} F el RBE 3t AHI=E AlFst= Feolvh. A7|ek o] sl EPS HlojE7F F A o]/4+e] RB
53t gl Mu|AE AFEE F$E HE ZE97F PAEHJAT L B 4 9l
= 9% HY ZESAu viZZ VX 2 28 VA Fe YEYD 29 oE Yel.
59%@&&@,w3§ﬂ1%°Pmp1aa RLC <lE]E], mcwaa,ia PHY A& Z3siAwr, =2
71X =& RLC <IEJE], MAC <lEJE] 23] AFS 3. = 9dME = 73 gl sufe] EPS o
(900) el tigte] mjazm 7|A=5 B AE 7 Hoﬂ RB7} Zhzb g Eo] W] AMu|~E AFdt. F, sk
EPS wojefol] diste] mja = VX5 B A& VX Fo] HEEESE Soto] wide Au|~E AlF et

Ay }ﬁl !

g, o)lF dAS nHT W, AF EE29U A9 dEy T2 A4S F AdY B2 oy Zo] ek
T .

5102 o]F dZ2S nyEe u, AF ZE$ A4S @F dg 3AHS e,

= 108 Fxshd, w3z 7]A=(1030) P-GF 2L S-GVE F3to] 2712 EPS Hlojg] ZHztol] tiet Al ES 441
sl of71A g Eo] AEE= SE29-E 7ZF EPS wlojelo W E T, EPS Wlold] #1S B3l AEEHE WAE
< FF1e]2} skar, EPS W]y #25 Fslo] AEHe AAES dR2eka /A

W3 & 71X =(1030)9] PDCP(1035-1)2 s§711S S-GWEX-E 4183, PDCP(1035-2)E #HF2E S-GV=HH &
AEt}. PDCP(1035-1) |A11S 7]¥ke= PDCP PDULS AJAskar, A7) PDCP PDULL wi=Z 7]A]=:(1030) 2]
RLC(1040) 2.2 wr=]al, MAC(1045), PHY(1050)& &ste] Zb <lEH B AlFd se P o= wyyo] wd
(1000) 2 A&},

32 7]%]=(1030)2] PDCP(1035-2)% %122 7]wko 2 PDPCP PDU2E AASta, A7) PDCP PDU2E A& 7]%
=(1060) 9] RLC(1070) & Aehabal, MAC(1075), PHY(1080)< Esle] Z+ QlE|E] 2 AZo] w= F2Aow Wy
o] ©2(1000) 2 HAEH}.

SE(1000) 013 EPS ®lojE] #1 2 EPS wWloje] #2 247t ulste] FA ZREZF QIEEZ EAE. oA T
©2-(1000) o= EPS wlol2] #1o] thale] PDCP/RLC/MAC/PHY NEIE|(HEE AlS)7} EA)8ka, EPS #loj2] #20] o
skl PDCP/RLC/MAC/PHY <NEJE|(E&E AlZ)o] EAsth. FAg o= EPS wlojz] #lo] diske] PHY(1005-1),
MAC(1010-1), RLC(1015-1), % PDCP(1020-1)°] &Al3te] EPS woje] #1e tfsk AH|~ dlojg & % 55 A
glgteh. EPS wlole] #2¢] thabe] PHY(1005-2), MAC(1010-2), RLC(1015-2), % PDCP(1020-2)7} &A1&k, EPS
Hlojg] #20l] gk AMu|2 dlolg % HZ F& Al g).
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[0073]

[0074]

[0075]

[0076]

[0077]

[0078]

[0079]

[0080]
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A, ml A2 71X 5(1030) 3 2% 71X =(1060)> X2 ClEHo]lAE Fild AAE 4= . &, WA= VA
(1030)+= PDCP(1035-2)<] PDCP PDU2E X2 QEH|o]~E B3l 2% 7]X]=(1060)2] RLC(1040) 2 AE3tl, o
714 X2 QlEldlo] 2= X3 AEFol~ £ Vg wlaR VAR 2E VAF ko] QlEHo]~E A A3 e
F&o] AFRE = duk. o] AS Ay mAR 7A=(1030)3 2B Z1X]F(1060) 7] X2 SlE] o] A7} H]-o] A
Q1 MZE(non-ideal backhaul)® T/3¥ -5 °F 20~60ms FLe] A& Aol T 4 Av}. vhwk, o] A5
o = wh(1000) o= EPS Hloj2] #1o] thdk RLC(1015-1), PDCP(1020-1)¢} EPS ®lojz] #20¢] th3dh RLC(1015-2),
PDCP(1020-2)7} w2 FA =2 AMe] RLC NEJE]olA PDCP <IEJE]Z RLC SDUQ| x4l Ade Fast= 7

Fol% EA7b wAsA v,

oF AAL 1AW W, WY F29A 45 A% A9 $4e derir,

e
o

T 118 Fxshd, vimZ=2 71A=4(1130)2> P-GF 2 S-GVE T3l shubel EPS Hloj#el dig #HRES
FAlskeh. 7] shube] EPS wloj#fol diste] wlaZE 71A=1(1130) ® ~E 71A=1(1160)2 Z+7F RBE A %ot

o2 wa® 7]A=H(1130)& PDCP(1135), RLC(1140), MAC(1145), PHY(1150)& FAlstar, =& 7|A=
(1140) RLC(1170), MAC(1175), PHY(1180)& A 3ht}.

=22 712 5(1130) 9] PDCP(1135) & 7S S-GW2H-E F=21ghtt. PDCP(1135)2 #j%lS 7|¥ke.2 PDCP PDUsE
Agstar, v Hod 73 Ev oo WS wel 7] PDCP PDUsE mlZ2 7]1x]=7(1130) 2] RLC(1140) ¥
28 71A=(1160) 9] RLC(1170) 2 H &3] wjiEste] A3}, o|E E%, PDCP PDU & Fol &4 HY N = 7}
A& PDCP PDUE w2 7]1A]151(1130) 9] RLC(1140)2 HF3tar, &4 W) SNE 7FA|& PDCP PDUE =8 7]
=(1160) 2] RLC(1170) &2 A%t 4= Qo).

RLC(1140)2 RLC PDU1(s)ZE A3Adalar, A7) RLC PDUL(s)E MAC(1145), PHY(1150)E E3&}e] 2zt QlElE] & A=
o W= FPaAowg WMIPHo] W (1100)=Z LT T3, RLC(1170)2 RLC PDU2(s)E AAstx, A7) RLC

PDU2(s)+ MAC(1175), PHY(1180)& &3t 7} <lEE 2 AFe we FAoz WEygyo] W (1100)=
AEE}.

G2 (1100) 9= EPS Hoj& ol tiste] Frle] ¥4 ZReF QEE 7 4%, tA] we] B (1100) o= ma
2 7]1A=(1130)90 th-5-3k= RBEA] PDCP/RLC/MAC/PHY SMEJE] (= AF)7F EA8kaL, 2% 7]A]=(1160) th
$3H= RBEA] RLC/MAC/PHY HAEE|(EE AF)ol &A%l FA|Z o=z EPS wojele] tiste] wizz 7)x]=
(1130)°ll t-$-3H= PHY(1105-1), MAC(1110-1), RLC(1115-1), = PDCP(1120)°] &Adtx, =& 71X =-(1160)9
o3k PHY(1005-2), MAC(1010-2), RLC(1015-2)7} &Ajgt}:. PDCP(1120)& wlA=2 7]A=(1130) 2 =& 7]
A7 (1160)0l FAlel dl-g¥= PDCP MEJEloltt. =, o] A$+= ©d(1100) Tholl 2719 RLC MEE](1115-1,
1115-2)7F &A%, A7 % 70 RLC AEE(1115-1, 1115-2) d-+) PDCP M EE](1120) 0] th-3-3ho),

Ak, =,
7]1=(1160) 9
A= ko] <l

ek vhel o] miaE VA F(1130) 3 =& 71X (1160)2 X2 AEHo|A~E ot 9449 +
I8 7]A=(1130)E PDCP(1135-2)¢] PDCP PDUs % U¥-E X2 QEHo|AE Edlo] 2E X
RLC(1140) 2 A3t} o]7]4 X2 ¢dEol2E X3 Qg Ho|~ F& g vjm s 7|AZ3 28 7)
EHe]2ag AAshE o Bdo] AHgdE 4 9t} o] AS Y] wWiAZE 7|A=(1130) % 2% 71X]=(1160) 7

[¢]
o X2 QIE o]z} Hl-o]AHQ] WMER TAY A5 ok 20-60ms AEe] AF Aol WAL F

¢

dok. o
(1100)¢] PDCP <MEJE](1120)+= F70¢) RLC ME E](1115-1, 1115-2)& ¥ RLC SDU(Z, PDCP PDU)ES 77
A8k, POCP SDUE Adstel A9 AlTom ddalep shdl, 47] A% Adoz lste] PDCP AEE|(1120)°]

A Z=alsk= RLC SDU(Z PDCP PDU)E-S RLC <MEJE](1115-1) 25-E] A= A3, RLC <MEE(1115-2) & 5-E
FAEE Ao A 7kxprb wAEkar, PDCP QIEJE](1120)% PDCP SDUS] A9 AlFo g9 x14 A4S 583

Aol EAZE AT S gl

T 1104 B 5 e vkek o] olF d4d AN dE ZE-E HAste] wimE 7A=(1130)e 3t
PDCP(1135)7F &A1k, ©(1100)el skvbe] PDCP MEJE](1120)7F EAgT. 283, w32 7]A5(1130) %
25 71A] =1 (1130) 9 RLC SNEJEI(1140, 1170)7F Z+2F EA18kar, @ (1100) % oo tf-g-3ke] 2701 RLC <lE
E](1115-1, 1115-2)7F &A%k, &, @2(1110)9] RLC AEE(1115-1, 1115-2) oAM= A9 AFoz =3
A<l (in-sequence) Hgo] BAHE 4 Q. AT ©E(1110)2] PDCP <lEJE](1120) TollA & 3huhe] RLC <lE]
E]7} obd F7he] RLC <MEJE(1115-1, 1115-2)& %8 RLC SDU(Z, PDCP PDU)7F Aw® . RLC <MEE(1115-1,
1115-2) ©ellAe] =241 xdo] PDCP e ©ellAl9] PDCP PDUS] &AFAQl 4l& WSl Xghrh. B,
mj 2 7]A]=(1130) 2] PDCP Sl EJE](1135) 258 28 7]x]=(1160)2] RLC AMEJE](1170)Z2] PDCP PDU(s)<] A
F2 20~60mse] HE AAS FRke = glen, wjmZE 7]X5(1130)9] RLC «IEJE](1140)E 3k PDCP PDU(s)
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[0081]

[0082]

[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]
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1%ﬂ:§11ﬂ%uwmq1%0@HHUHm%-%§Pumm@W1ﬂiAPll AlZEA o] LAY 4
Itk A5 wjA32 7]A5(1130) <] PDCP QIEE](1135) el 4] &3+ PDCP PDU(s)E ©(1100) <] PDCP <lE €
(1120) el A 413kl S Oﬁiﬂiiﬂﬂ%ARwOb}ﬁg 53 AE3 28 71X RIC o3 @2 53 A
Zol| Qo] FAIAZr] 2polz) wrAIE T, THE(1100) THe] PDCP <IE]E](1120)% PDCP PDU(s)E wxpd o= 41

317] oJHA Aot
% 12% ©HEe] PDCP QIE]E]elA] PDCP PDU 741 EfelW o] olE vepdlct). = 12+ w32 7|X=58& F3t dF
# MPWW}*%7H S E3lo] AEE PDCP PDUZF wrbe] PDCP <MEJElo] Z=&slE A 7HS oA A o=z 1

Epd, w322 71X =& ko] EPS Wojgo] digh Au|xof disle] wjAE XS Fsle] HdEE PDCP PDU
9} A8 JA S Eolo] HAEE PDCP PDUS ZAE 4 rt. & 120]A4= PDCP SN(Sequence Number) % &<
HE maz 7A=E $3lo] AEeta, F¢ WM 28 VAT $3le] A5 AE dAFoz YeRdtt,

128 Fxetd, wmag 7|AZFS Este] A$H PDCP PDUS whZol Ao a4 Ald3 28 7AFS Eato]
% PDCP PDUS| whel A o] A4l A2 Az A zfol7t Atk & 7R 55 Fste] A& == PDCP PDUC
0~60mse] AF A do] HAT 4= Q). ol A9 el PDCP MEE7F F 719 RLC QIEE2RE A
= RLC (AMD) SDU9] PFﬂﬂEOMW%m¢ﬂﬂ°EPumU sk Al HaL, PDCP AMEE7} o] & HE=E
(5 5°f A&l AS) e dAFeiA 2 45, = dFol A ¥ LAl o

1

ox fZ 12 2
Qo o

)
o{N‘

=, §- FZAA w322 7]RA =] sbe] PDCP AE E el A HEE PDCP PDUZF wlZ = 7]X]=-2] RLC <A
ElE] @ =& 7|X]=9] RLC AEEE F3t] AFH7]ol ©Ze] PDCP A€ EJoA] PDCP PDUE FA1Ee] Slof, Al
7 | wrAslar, weba PDCP lE]Elol Al A9)AlZ o2 PDCP SDUQ xH2¢l A4S st o o] &4

i)
il
fru

o] PDCP QMEJE]E= $=A13F PDCP PDUE &= (deciphering) % 3dl %84 (header decompression)d}il,
PDCP SDUE 3¢ AFo= AEsit). o] w, whef el PDCP SDUS] SN(sequence number)H.t} #-2 SNe| PDCP
SDU7} EA)8H 2H SNYE| & SN <=2 =2 PDCP SDUE AH¢] AlEso = A%3r).

3L, PDCP QIEJE]2] M- (transmission side)= A7 EbolHM(discard timer)E &% 4 Aok, A7 AA
tlolu o] A &EAZM(duration) S A9 AFo2REH FAHE F dom, HAAFoZRE PP SDUE 41t
efolw 7} AlzbEILh. A7) AA Elelmrt wEE PDCP dEE = dEsE PDCP SDUE AlA S, wekA, 7]1&
o] BAg-ol= AA Efelwe] vtR R Qlete] 54 SNe| PDCP SDUZF whd <= A3ivt.

,ﬂ%eﬂi%%ﬂHEﬁJ E%Eﬂ%éE 35 PmpwﬂﬂﬂPmme}€ﬂ og
Aok, SHAIEE, ol F AF F o AAAE= T+

HEoHo N
O
oo
K
e
rlo
-
~
By
(o
_O‘L
_L
s;
£2
ek
4

i%aﬂ AA Ereln wtmE A9d g Ak VIAFAAANE st A AE Aol 71X =9 PDCP IEE el A2 a)
= PDCP SDUWt} A A Elol™(discard timer)E T-58Th. 7] #AA Elolwe] 5o ¢ste] PDPE Y=+
7o) o] U VIERT WS AS T A, AA golw AKAIZE ol A A ke HHe AAsta,
9 ATA FAHE NS 87 52 7Ivete] dd HRld digk A vt AlRe] F3E 5 vt

EA4, PDCP PDU AFHZ FAA A A49-d 4 v}, wla=Z 7|A=2] PDCP dEEdAE HE S22 s}
o Az VA= D 25 AT S § ohim@Pweaﬂbwiﬂiﬂ4:“ﬂ o] A9 A2 & A==
slo] WAlElE X do 2 Qlste] wke] PDCP SNEJE]A] PDCP PDU S=A1A] AlZEA}7) @A) 4= Q)T

oo} 72 g3t 7] FE EE29 AFAZR FAXAY A5 PDCP AA Efelw vz 499 FEsho,
bkl PPCP QIEJE]O A PDCP SDUE ¢xld oz A9AZoz A5d 4 glx Hdlo] QFH T},
1

WE| Tzes weshs AAZone] PP SIU wAH Ad Ee thew 2o,

PDCP <EJE]o| A <=21% PDCP PDUo| w23} PDCP SDUS] PDCP SN(sequence number)ZE 3HQla}ar, whekF PDCP
SDU<] PDCP SN7F =2 o] ofyeb (5, 7] PDCP SDUS] PDCP SN Ske] SNo| 2= 2l ﬂm)*71 DCP SDU®ll
st =2 Efel™ (in-sequence timer)E& e, o] W 7] £} Elolw o X &HAIZHe HE TE299 A
PDCP PDU A4 2 F2AAE ngfste] AFalld 4 Aok, S Al=8 A4 43s ngste Fsid 5 o).

Rkef, PDCP SDUCT teh Ak Bfolwirh jtgsl= B9 49l AT e® 7] PP SDUE A&, o= 7] 4
Elo]™ 7} Wk 7| 744 2hd PDCP SNol| th@k PDCP SDU th-$-3l= PDCP PDU7} whete] PDCP <lEJE]o] G415 ]
e A5, g PDCP SDU= wia = 7]1A=¢] PDCP MEJE FA41FoA AA etelw o] Aafel] osto] AAH A
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[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]
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[o

2 = 7] welt.

¢, PDCP SDUYl dWist &} EeolH7t &2sol (running) 4F7] PDCP SDUS] PDCP  SNE.th %m%(—i—,
25 A1e) PDCP SNell &+ PDCP SDUS| ﬂlo%} PDCP PDU7} wHe] PDCP <QIEJE]e] F=21% o], PDCP SDU9| <=
F dEeol 7bed AS-, A7 A elelM e R EA, Y PDCP SDUE A o2 9] AlTo= Z*%ELE}.

e

NG

TCP(Transmission Control Protocol) 5 <=x}x o2 7o) FAE = AL 7|Hksle] AAH] Q= T2ES
olty. & uwelA TCPA | Zlo] 4 JEX] R A5 TP dollA AFEE & dv AES-(window) 7} E915 F
5

Els
AL, ol HFEES AAAE 5 vk, mEhA, 44 74 Z2RES o 3
of glo] AAA|Fke] FrtE R 7)ot o] Fakd]l WS BAAFe] WESA AvkEQl e oAM=
o 8 g o
E.B%—%%>4PDP
13& PDCP SN &<4=9
2 FAEE Hg-olt).

T 13S Fx3kH, PDCP SDU #1& o] w= Fehel PDCP SNo] ¢17] wj&ol A9 AZFow A$=E 5 dd. 3
A%k, PDCP SDU #39] 7-9- wte] PDCP <IEJE]] A}7] PDCP SDU #3° ©i-3-3H= PDCP PDUZ} =A1E& Al Hdlle
PDCP PDU #2¢) ©]-&3k= PDDP PDUZF FA1¥ =] %3}l wheba] o] %9 PDCP PDU #39l sk 4k Efolw7} -
S¥th. PDCP SDU #5, PDCP SDU #79] A9 w72 &3} glo|W 7t 27} 5 HT),

SlEJE]oll A PDCP SN(Sequence Number)oll W& =312 49 Al AEo o= yehdd. =
S g R AFE Esle] g E F£A1E A, PDCP SN A4HE A8 7K Esle] vt

PDCP SDU #3¢] tiah w3} efolm 7} whzs] 7] el wzre] PDCP QIEJEle] PDCP SDU #27F EA1(Z, PDCP SDU #2
o ti-$3H= PDCP PDUZL S°41)3h= A, @b PDCP SDU #1 o] F-oll PDCP SDU #2 % PDCP SDU #30] =244 2.
2 EAFS sk, 247) PDCP SDU #2 2 PDCP SDU #3% 917502 &apdoz Agd@t). of w PDCP SDU
#30] WE w2 volmi= whg i FrET. AT, o] = o} PICP SDU #47F =EakA] ekgka, PDCP
SDU #50l that <=2 Ebolw, PDCP SDU #7¢l that =2} Elolvi= o3& F23he}.

’Uﬂl
OF

3 PDCP SDU#59] tjdt <=3} Elo]w7} ﬁﬁblﬂﬂ whabo] PDCP <lE]Ele] PDCP SDU #47} &A1t A9,
1S PDCP SDU #4 2 PDCP SDU #52 ¢ AlFo = M<%3kar, PDCP SDU#50 th3t <=3} Elojw & Wl T

¢

3, PDCP SDU#79] w3t =2} Elolwryt wtg 7] el whare] pDCP SlE]Eo] PDCP SDU #67} EAet= 45,
ke PPCP SDU #6 2 PDCP SDU #75 A9l AlE o= Ad4aar, PDCP SDU#7ol tidr <=3} ElojmE Wy T
TaHY

ﬂl

AANA A veln] AGALe WAR AAFAA PP ALEE TAT o 2D 5 ek 7] &3 el
W ALARE AR AT 2F AT 1 WE AF AAAS Teiste] 24 & 9

A7) =2 BlolrE RRC WIAAIS Edlo] wjaz 7|A T4 g2z A$E ¢ Jdrh. FAZHOR oI Bo A
7] %2} ElolwE= RRC AR 249l PDCP-TA (config)ol oh&3 e FHo= 35 4 9t}
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[0102]

[0103]

[0104]

ZIHS51 10-2014-0133346

£ 1
—— ASNISTART
PDCP-Config ::= SEQUENCE {
discardTimer ENUMERATED {
ms50, ms100, ms150, ms300, ms500,
ms750, ms1500, infinity
} OPTIONAL, —— Cond Setup
inseqTimer ENUMERATED {
ms20, ms30, ms40, ms50, ms60,
} OPTIONAL, —— Cond Setup
rlc-AM SEQUENCE {
statusReportRequired BOOLEAN
} OPTIONAL, —— Cond Rlc-AM
rlc-UM SEQUENCE {
pdcp—-SN-Size ENUMERATED {len7bits, lenl2bits}
} OPTIONAL, —— Cond Rlc-UM
headerCompression CHOICE {
notUsed NULL,
rohc SEQUENCE {
maxCID INTEGER (1..16383) DEFAULT 15,
profiles SEQUENCE {
profile0x0001 BOOLEAN,
profile0x0002 BOOLEAN,
profile0x0003 BOOLEAN,
profile0x0004 BOOLEAN,
profile0x0006 BOOLEAN,
profile0x0101 BOOLEAN,
profile0x0102 BOOLEAN,
profile0x0103 BOOLEAN,
profile0x0104 BOOLEAN
IR
}
IR
[[ rn-IntegrityProtection-r10 ENUMERATED {enabled} OPTTONAL —— Cond RN
11,
[[ pdcp—SN-Size-v11x0 ENUMERATED {lenl5bits} OPTIONAL - Cond Rlc-AM2
1]
}
—— ASN1STOP

¥ 1% #xsH, PDCP-TA(config) HAE 24F inseqlimer =E X 33tth. A7) inseqtimer =X x)
E}o] &%ﬂﬂ@ﬂ.”ﬂimmﬁmréEtPMPﬂﬂﬂﬂ}&ﬂt PDCP PDU®Y| th-&-3}+= PDCP SDU”} PDCP
SN PR @E A9, FEHET. =, PDCP SDUS PDCP SN #nkth 2+ PDCP SN #n-1¢] PDCP
-, 3 PDCP SN #n°l PDCP SDUCIl th3te] =3} Elo]m 7} 53 4 9t}

[e]
4= B e AAde] we dE S295 a3 dEed os 8¥i= PDCP SDU &2k A2 WS uE
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[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

[0111]

[0112]

[0113]

[0114]
[0115]

[0116]

[0117]

[0118]

[0119]

[0120]

[0121]

[0122]

ZIHS31 10-2014-0133346

ol

T 14E Fx

P, whte F53 PDCP SDUE©] PDCP SN9| <=xtd o g ZEA3F=A] 213t (S1400) .

ke PDCP SN #n9] PDCP SDUZF 2 A3kt PDCP SN #n-1¢] PDCP SDUZF w&tel A9, A7) PDCP SN #ne] PDCP
Spuell gk =4F Elolm & 5 3TH(S1410) .

ke PDCP SN #n] PDCP SDUO w8k <=2} Elolm 7} wkEx]7] A PDCP SN #n-1¢] PDCP SDUE ES53&lA € 4
<, A7) PDCP SN #n-1¢] PDCP SDU$} A7) PDCP SN #ne] PDCP SDUSl A9 AZzo=wm 4313 A4S F33ivt
(51420).

wkok - S14100] 4] PDCP SN #n9] PDCP SDUel th3t <=x} Elo]lw7} wigwE 729 whdbe PPCP SN #n9] PDCP SDU
E Y ASoz AG3ti(S1430). ©] AS&, olF AZdd 23k PDCP PDU HAFHAZ FAIX Al <ot -7}
old, PDCP #AA Eholwo <&} A7) PDCP SN #n012] PDCP SDUZ} AAE Ro=m E 4 9l7] wjiLo|t},

% 15 B owne] AAee] }E Wz /AR, AE /A% 2w Bsro,

f
—_
o
]
=Y
BN
ol
s
e

m

)
ol

o] AAde] wWE T(1500)L w]I R 7]A](1530) W AE 71X 2(1560)F o]F
AZA(daul connectivity)ES TS 4 dvb. E3F, B dwo] wlE W (1500), wiF R 7]X]5(1530) H 2E
7125 (1560) 2 4=t dE] 2295 A s,

a2 7]AX=(1530)2 WaE2 AE5H(1535), AR FA5(1540) 2 vja 2 2 A4 (1550) S £33},

W AZ FAIR(1540)2 S-GW=FE shube] EPS Hojge] digh diZl& gt via2 T2 A (1550)= "=
2 7]A=H(1530) ] PDCP AEJE]S Al|ojdle] PDCP PDUES AAISCh wiz® Z2A4(1550)% 4H7] PDCP PDUES
S Qe 7)ol we) Bujsle] AR-E wja 2 7)X=(1540)2] RLC AEE|2 A (L AF)sta a2 A%
F-(1535) & Este] @E= x4i?ﬂﬁ‘r W32 Z2AA(1550)E YA dEE a2 % ’o‘%(1535) Eote] =
& 71X =(1560)2) RLC AEE2 AF(EsE dd)dl. o 4§ PDCP PDUEC] th-$-3= PDCP SDUES SNe& -

2 AAE F ool

ek, wjAE ZRAA(1550)= PDCP SDUS ek =3} Elelnle] et AnES AAeti wjaE HA5R(1535)2
%‘8}011 kg X%leﬁ]—]:}- AP7] 4\—7"\]— E]—O]THO]] EHE}‘J— XéE__‘E_ PDCP SDUU]'Q‘ ;(ég] ./': ol ‘j[‘ Uﬁﬂi €$(1535)
= A7) <=2} glolwol] thdt HABEE RRC WA A (S E9], RRC 92 A4 wlA Ao E&&e] w2 (1500) =
AED & ok

28 7)A5(1560) 2 8 AEE(1565), 28 FAIR(1570) 2 28 Z2AA(1580)S FE &3},

28 FAR(1570)& wja2 2 7] A= (1530) .2 5-E PDCP PDUE 4413t}

2% ZRAA(1580)E 28 71A5H(1530)¢] RLC SNEIE], NAC NEE], % PHY 71%& Alojste] 4] POCP PDUE
Aeala, 28 AEF(1565)8 Bote] ddw Al

SE(1500) T F215-(1505), @ HEH(1510) % ﬁiﬂw(mo o waech. o e (152
0)E Z&d uieh 42 ¥ wye] 540 FANES A 75 A 3oy,

FAF(1505) = "WAR 71X (1530) SR FE =2} Efolnd e FRE FAlgT. 7] £3F Elo]H o

dE.= PDCP SDURbth Aol = 9lom, 7] &2 glolwe] gk K= RRC WA (& E°], RRC 44
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