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Description

Technical Field

[0001] The present invention relates to a wireless com-
munication system and, more particularly, to a method
for cancelling a buffer status report (BSR) or a scheduling
request (SR) in dual connectivity and a device therefor.

Background Art

[0002] As an example of a mobile communication sys-
tem to which the present invention is applicable, a 3rd
Generation Partnership Project Long Term Evolution
(hereinafter, referred to as LTE) communication system
is described in brief.
[0003] FIG. 1 is a view schematically illustrating a net-
work structure of an E-UMTS as an exemplary radio com-
munication system. An Evolved Universal Mobile Tele-
communications System (E-UMTS) is an advanced ver-
sion of a conventional Universal Mobile Telecommuni-
cations System (UMTS) and basic standardization there-
of is currently underway in the 3GPP. E-UMTS may be
generally referred to as a Long Term Evolution (LTE)
system. For details of the technical specifications of the
UMTS and E-UMTS, reference can be made to Release
7 and Release 8 of "3rd Generation Partnership Project;
Technical Specification Group Radio Access Network".
[0004] Referring to FIG. 1, the E-UMTS includes a User
Equipment (UE), eNode Bs (eNBs), and an Access Gate-
way (AG) which is located at an end of the network (E-
UTRAN) and connected to an external network. The
eNBs may simultaneously transmit multiple data streams
for a broadcast service, a multicast service, and/or a uni-
cast service.
[0005] One or more cells may exist per eNB. The cell
is set to operate in one of bandwidths such as 1.25, 2.5,
5, 10, 15, and 20 MHz and provides a downlink (DL) or
uplink (UL) transmission service to a plurality of UEs in
the bandwidth. Different cells may be set to provide dif-
ferent bandwidths. The eNB controls data transmission
or reception to and from a plurality of UEs. The eNB trans-
mits DL scheduling information of DL data to a corre-
sponding UE so as to inform the UE of a time/frequency
domain in which the DL data is supposed to be transmit-
ted, coding, a data size, and hybrid automatic repeat and
request (HARQ)-related information. In addition, the eNB
transmits UL scheduling information of UL data to a cor-
responding UE so as to inform the UE of a time/frequency
domain which may be used by the UE, coding, a data
size, and HARQ-related information. An interface for
transmitting user traffic or control traffic may be used be-
tween eNBs. A core network (CN) may include the AG
and a network node or the like for user registration of
UEs. The AG manages the mobility of a UE on a tracking
area (TA) basis. One TA includes a plurality of cells.
[0006] Although wireless communication technology
has been developed to LTE based on wideband code

division multiple access (WCDMA), the demands and ex-
pectations of users and service providers are on the rise.
In addition, considering other radio access technologies
under development, new technological evolution is re-
quired to secure high competitiveness in the future. De-
crease in cost per bit, increase in service availability, flex-
ible use of frequency bands, a simplified structure, an
open interface, appropriate power consumption of UEs,
and the like are required.
[0007] MediaTek Inc.: "Scheduling Request for Small
Packet", 3GPP Draft; R2-141122; XP050792380, dis-
cusses, in the context of split bearer, the problems of
double scheduling and over-scheduling that both result
in radio resource wastage and UE power consumption.
Solutions are provided for these problems. One of the
solutions involves: BSR is cancelled when PDCP buffer
is lower than a threshold, i.e. after considering all UL
grant(s) in this subframe, if the buffered PDCP data is
lower than the threshold, all triggered BSRs shall be can-
celled.

Disclosure of Invention

Technical Problem

[0008] An object of the present invention devised to
solve the problem lies in a method and device for can-
celling a BSR or a SR in dual connectivity. The technical
problems solved by the present invention are not limited
to the above technical problems and those skilled in the
art may understand other technical problems from the
following description.

Solution to Problem

[0009] The object of the present invention can be
achieved by providing a method for User Equipment (UE)
operating in a wireless communication system as set
forth in the appended claims.
[0010] In another aspect of the present invention, pro-
vided herein is a communication apparatus as set forth
in the appended claims.
[0011] It is to be understood that both the foregoing
general description and the following detailed description
of the present invention are exemplary and explanatory
and are intended to provide further explanation of the
invention as claimed.

Advantageous Effects of Invention

[0012] To avoid performing an unnecessary buffer sta-
tus report (BSR) / scheduling request (SR) / random ac-
cess (RA) procedure in dual connectivity, it is invented
that when total amount of all pending data in a RLC entity
and in a PDCP entity for a MAC entity becomes zero, the
MAC entity shall cancel all triggered BSRs even if the
MAC entity does not receive an UL grant from an eNB.
[0013] It will be appreciated by persons skilled in the
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art that the effects achieved by the present invention are
not limited to what has been particularly described here-
inabove and other advantages of the present invention
will be more clearly understood from the following de-
tailed description taken in conjunction with the accom-
panying drawings.

Brief Description of Drawings

[0014] The accompanying drawings, which are includ-
ed to provide a further understanding of the invention and
are incorporated in and constitute a part of this applica-
tion, illustrate embodiment(s) of the invention and togeth-
er with the description serve to explain the principle of
the invention.

FIG. 1 is a diagram showing a network structure of
an Evolved Universal Mobile Telecommunications
System (E-UMTS) as an example of a wireless com-
munication system;
FIG. 2A is a block diagram illustrating network struc-
ture of an evolved universal mobile telecommunica-
tion system (E-UMTS), and FIG. 2B is a block dia-
gram depicting architecture of a typical E-UTRAN
and a typical EPC;
FIG. 3 is a diagram showing a control plane and a
user plane of a radio interface protocol between a
UE and an E-UTRAN based on a 3rd generation part-
nership project (3GPP) radio access network stand-
ard;
FIG. 4 is a view showing an example of a physical
channel structure used in an E-UMTS system;
FIG. 5 is a block diagram of a communication appa-
ratus according to an embodiment of the present in-
vention;
FIG. 6 is a conceptual diagram for Dual Connectivity
(DC) between a Master Cell Group (MCS) and a Sec-
ondary Cell Group (SCG);
FIG. 7 is a conceptual diagram for radio protocol ar-
chitecture for dual connectivity;
FIG. 8 is a conceptual diagram for a PDCP entity
architecture;
FIG. 9 is a conceptual diagram for functional view of
a PDCP entity;
FIG. 10 is a conceptual diagram for overview model
of the RLC sub layer;
FIG. 11 is a diagram for MAC structure overview in
a UE side;
FIG. 12 is a diagram for transmitting a scheduling
request.
FIG. 13 is a diagram for signaling of buffer status;
FIG. 14 shows an exemplary problem regarding the
current BSR cancellation condition in dual connec-
tivity.
FIG. 15 is conceptual diagram for a UE operation
regarding BSR cancellation in dual connectivity ac-
cording to an exemplary embodiment of the present
invention.

FIG. 16 is conceptual diagram for a UE operation
regarding SR cancellation in dual connectivity ac-
cording to an exemplary embodiment of the present
invention.
FIG. 17 shows an example of a UE operation ac-
cording to an exemplary embodiment of the present
invention.

Best Mode for Carrying out the Invention

[0015] Universal mobile telecommunications system
(UMTS) is a 3rd Generation (3G) asynchronous mobile
communication system operating in wideband code divi-
sion multiple access (WCDMA) based on European sys-
tems, global system for mobile communications (GSM)
and general packet radio services (GPRS). The long-
term evolution (LTE) of UMTS is under discussion by the
3rd generation partnership project (3GPP) that standard-
ized UMTS.
[0016] The 3GPP LTE is a technology for enabling
high-speed packet communications. Many schemes
have been proposed for the LTE objective including those
that aim to reduce user and provider costs, improve serv-
ice quality, and expand and improve coverage and sys-
tem capacity. The 3G LTE requires reduced cost per bit,
increased service availability, flexible use of a frequency
band, a simple structure, an open interface, and ade-
quate power consumption of a terminal as an upper-level
requirement.
[0017] Hereinafter, structures, operations, and other
features of the present invention will be readily under-
stood from the embodiments of the present invention,
examples of which are illustrated in the accompanying
drawings. Embodiments described later are examples in
which technical features of the present invention are ap-
plied to a 3GPP system.
[0018] Although the embodiments of the present in-
vention are described using a long term evolution (LTE)
system and a LTE-advanced (LTE-A) system in the
present specification, they are purely exemplary. There-
fore, the embodiments of the present invention are ap-
plicable to any other communication system correspond-
ing to the above definition. In addition, although the em-
bodiments of the present invention are described based
on a frequency division duplex (FDD) scheme in the
present specification, the embodiments of the present
invention may be easily modified and applied to a half-
duplex FDD (H-FDD) scheme or a time division duplex
(TDD) scheme.
[0019] FIG. 2A is a block diagram illustrating network
structure of an evolved universal mobile telecommunica-
tion system (E-UMTS). The E-UMTS may be also re-
ferred to as an LTE system. The communication network
is widely deployed to provide a variety of communication
services such as voice (VoIP) through IMS and packet
data.
[0020] As illustrated in FIG. 2A, the E-UMTS network
includes an evolved UMTS terrestrial radio access net-
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work (E-UTRAN), an Evolved Packet Core (EPC) and
one or more user equipment. The E-UTRAN may include
one or more evolved NodeB (eNodeB) 20, and a plurality
of user equipment (UE) 10 may be located in one cell.
One or more E-UTRAN mobility management entity
(MME)/system architecture evolution (SAE) gateways 30
may be positioned at the end of the network and con-
nected to an external network.
[0021] As used herein, "downlink" refers to communi-
cation from eNodeB 20 to UE 10, and "uplink" refers to
communication from the UE to an eNodeB. UE 10 refers
to communication equipment carried by a user and may
be also referred to as a mobile station (MS), a user ter-
minal (UT), a subscriber station (SS) or a wireless device.
[0022] FIG. 2B is a block diagram depicting architec-
ture of a typical E-UTRAN and a typical EPC.
[0023] As illustrated in FIG. 2B, an eNodeB 20 provides
end points of a user plane and a control plane to the UE
10. MME/SAE gateway 30 provides an end point of a
session and mobility management function for UE 10.
The eNodeB and MME/SAE gateway may be connected
via an S1 interface.
[0024] The eNodeB 20 is generally a fixed station that
communicates with a UE 10, and may also be referred
to as a base station (BS) or an access point. One eNodeB
20 may be deployed per cell. An interface for transmitting
user traffic or control traffic may be used between eNo-
deBs 20.
[0025] The MME provides various functions including
NAS signaling to eNodeBs 20, NAS signaling security,
AS Security control, Inter CN node signaling for mobility
between 3GPP access networks, Idle mode UE Reach-
ability (including control and execution of paging retrans-
mission), Tracking Area list management (for UE in idle
and active mode), PDN GW and Serving GW selection,
MME selection for handovers with MME change, SGSN
selection for handovers to 2G or 3G 3GPP access net-
works, Roaming, Authentication, Bearer management
functions including dedicated bearer establishment, Sup-
port for PWS (which includes ETWS and CMAS) mes-
sage transmission. The SAE gateway host provides as-
sorted functions including Per-user based packet filtering
(by e.g. deep packet inspection), Lawful Interception, UE
IP address allocation, Transport level packet marking in
the downlink, UL and DL service level charging, gating
and rate enforcement, DL rate enforcement based on
APN-AMBR. For clarity MME/SAE gateway 30 will be
referred to herein simply as a "gateway," but it is under-
stood that this entity includes both an MME and an SAE
gateway.
[0026] A plurality of nodes may be connected between
eNodeB 20 and gateway 30 via the S1 interface. The
eNodeBs 20 may be connected to each other via an X2
interface and neighboring eNodeBs may have a meshed
network structure that has the X2 interface.
[0027] As illustrated, eNodeB 20 may perform func-
tions of selection for gateway 30, routing toward the gate-
way during a Radio Resource Control (RRC) activation,

scheduling and transmitting of paging messages, sched-
uling and transmitting of Broadcast Channel (BCCH) in-
formation, dynamic allocation of resources to UEs 10 in
both uplink and downlink, configuration and provisioning
of eNodeB measurements, radio bearer control, radio
admission control (RAC), and connection mobility control
in LTE_ACTIVE state. In the EPC, and as noted above,
gateway 30 may perform functions of paging origination,
LTE-IDLE state management, ciphering of the user
plane, System Architecture Evolution (SAE) bearer con-
trol, and ciphering and integrity protection of Non-Access
Stratum (NAS) signaling.
[0028] The EPC includes a mobility management en-
tity (MME), a serving-gateway (S-GW), and a packet data
network-gateway (PDN-GW). The MME has information
about connections and capabilities of UEs, mainly for use
in managing the mobility of the UEs. The S-GW is a gate-
way having the E-UTRAN as an end point, and the PDN-
GW is a gateway having a packet data network (PDN)
as an end point.
[0029] FIG. 3 is a diagram showing a control plane and
a user plane of a radio interface protocol between a UE
and an E-UTRAN based on a 3GPP radio access network
standard. The control plane refers to a path used for
transmitting control messages used for managing a call
between the UE and the E-UTRAN. The user plane refers
to a path used for transmitting data generated in an ap-
plication layer, e.g., voice data or Internet packet data.
[0030] A physical (PHY) layer of a first layer provides
an information transfer service to a higher layer using a
physical channel. The PHY layer is connected to a me-
dium access control (MAC) layer located on the higher
layer via a transport channel. Data is transported be-
tween the MAC layer and the PHY layer via the transport
channel. Data is transported between a physical layer of
a transmitting side and a physical layer of a receiving
side via physical channels. The physical channels use
time and frequency as radio resources. In detail, the
physical channel is modulated using an orthogonal fre-
quency division multiple access (OFDMA) scheme in
downlink and is modulated using a single carrier frequen-
cy division multiple access (SC-FDMA) scheme in uplink.
[0031] The MAC layer of a second layer provides a
service to a radio link control (RLC) layer of a higher layer
via a logical channel. The RLC layer of the second layer
supports reliable data transmission. A function of the RLC
layer may be implemented by a functional block of the
MAC layer. A packet data convergence protocol (PDCP)
layer of the second layer performs a header compression
function to reduce unnecessary control information for
efficient transmission of an Internet protocol (IP) packet
such as an IP version 4 (IPv4) packet or an IP version 6
(IPv6) packet in a radio interface having a relatively small
bandwidth.
[0032] A radio resource control (RRC) layer located at
the bottom of a third layer is defined only in the control
plane. The RRC layer controls logical channels, transport
channels, and physical channels in relation to configura-
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tion, re-configuration, and release of radio bearers (RBs).
An RB refers to a service that the second layer provides
for data transmission between the UE and the E-UTRAN.
To this end, the RRC layer of the UE and the RRC layer
of the E-UTRAN exchange RRC messages with each
other.
[0033] One cell of the eNB is set to operate in one of
bandwidths such as 1.25, 2.5, 5, 10, 15, and 20 MHz and
provides a downlink or uplink transmission service to a
plurality of UEs in the bandwidth. Different cells may be
set to provide different bandwidths.
[0034] Downlink transport channels for transmission
of data from the E-UTRAN to the UE include a broadcast
channel (BCH) for transmission of system information, a
paging channel (PCH) for transmission of paging mes-
sages, and a downlink shared channel (SCH) for trans-
mission of user traffic or control messages. Traffic or con-
trol messages of a downlink multicast or broadcast serv-
ice may be transmitted through the downlink SCH and
may also be transmitted through a separate downlink
multicast channel (MCH).
[0035] Uplink transport channels for transmission of
data from the UE to the E-UTRAN include a random ac-
cess channel (RACH) for transmission of initial control
messages and an uplink SCH for transmission of user
traffic or control messages. Logical channels that are de-
fined above the transport channels and mapped to the
transport channels include a broadcast control channel
(BCCH), a paging control channel (PCCH), a common
control channel (CCCH), a multicast control channel
(MCCH), and a multicast traffic channel (MTCH).
[0036] FIG. 4 is a view showing an example of a phys-
ical channel structure used in an E-UMTS system. A
physical channel includes several subframes on a time
axis and several subcarriers on a frequency axis. Here,
one subframe includes a plurality of symbols on the time
axis. One subframe includes a plurality of resource
blocks and one resource block includes a plurality of sym-
bols and a plurality of subcarriers. In addition, each sub-
frame may use certain subcarriers of certain symbols
(e.g., a first symbol) of a subframe for a physical downlink
control channel (PDCCH), that is, an L1/L2 control chan-
nel. In FIG. 4, an L1/L2 control information transmission
area (PDCCH) and a data area (PDSCH) are shown. In
one embodiment, a radio frame of 10 ms is used and one
radio frame includes 10 subframes. In addition, one sub-
frame includes two consecutive slots. The length of one
slot may be 0.5 ms. In addition, one subframe includes
a plurality of OFDM symbols and a portion (e.g., a first
symbol) of the plurality of OFDM symbols may be used
for transmitting the L1/L2 control information. A transmis-
sion time interval (TTI) which is a unit time for transmitting
data is 1ms.
[0037] A base station and a UE mostly transmit/receive
data via a PDSCH, which is a physical channel, using a
DL-SCH which is a transmission channel, except a cer-
tain control signal or certain service data. Information in-
dicating to which UE (one or a plurality of UEs) PDSCH

data is transmitted and how the UE receive and decode
PDSCH data is transmitted in a state of being included
in the PDCCH.
[0038] For example, in one embodiment, a certain PD-
CCH is CRC-masked with a radio network temporary
identity (RNTI) "A" and information about data is trans-
mitted using a radio resource "B" (e.g., a frequency lo-
cation) and transmission format information "C" (e.g., a
transmission block size, modulation, coding information
or the like) via a certain subframe. Then, one or more
UEs located in a cell monitor the PDCCH using its RNTI
information. And, a specific UE with RNTI "A" reads the
PDCCH and then receive the PDSCH indicated by B and
C in the PDCCH information.
[0039] FIG. 5 is a block diagram of a communication
apparatus according to an embodiment of the present
invention.
[0040] The apparatus shown in FIG. 5 can be a user
equipment (UE) and/or eNB adapted to perform the
above mechanism, but it can be any apparatus for per-
forming the same operation.
[0041] As shown in FIG. 5, the apparatus may com-
prises a DSP/microprocessor (110) and RF module
(transmiceiver; 135). The DSP/microprocessor (110) is
electrically connected with the transciver (135) and con-
trols it. The apparatus may further include power man-
agement module (105), battery (155), display (115), key-
pad (120), SIM card (125), memory device (130), speaker
(145) and input device (150), based on its implementation
and designer’s choice.
[0042] Specifically, FIG. 5 may represent a UE com-
prising a receiver (135) configured to receive a request
message from a network, and a transmitter (135) config-
ured to transmit the transmission or reception timing in-
formation to the network. These receiver and the trans-
mitter can constitute the transceiver (135). The UE further
comprises a processor (110) connected to the transceiv-
er (135: receiver and transmitter).
[0043] Also, FIG. 5 may represent a network apparatus
comprising a transmitter (135) configured to transmit a
request message to a UE and a receiver (135) configured
to receive the transmission or reception timing informa-
tion from the UE. These transmitter and receiver may
constitute the transceiver (135). The network further
comprises a processor (110) connected to the transmitter
and the receiver. This processor (110) may be configured
to calculate latency based on the transmission or recep-
tion timing information.
[0044] FIG. 6 is a conceptual diagram for Dual Con-
nectivity (DC) between a Master Cell Group (MCG) and
a Secondary Cell Group (SCG).
[0045] The Dual Connectivity (DC) means that the UE
can be connected to both a Master eNode-B (MeNB) and
a Secondary eNode-B (SeNB) at the same time. The
MCG is a group of serving cells associated with the
MeNB, comprising of a PCell and optionally one or more
SCells. And the SCG is a group of serving cells associ-
ated with the SeNB, comprising of the special SCell and
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optionally one or more SCells. The MeNB is an eNB
which terminates at least S1-MME (S1 for the control
plane) and the SeNB is an eNB that is providing additional
radio resources for the UE but is not the MeNB.
[0046] With Dual Connectivity, some of the data radio
bearers (DRBs) can be offloaded to the SCG to provide
high throughput while keeping scheduling radio bearers
(SRBs) or other DRBs in the MCG to reduce the handover
possibility. The MCG is operated by the MeNB via the
frequency of f1, and the SCG is operated by the SeNB
via the frequency of f2. The frequency f1 and f2 may be
equal. The backhaul interface (BH) between the MeNB
and the SeNB is non-ideal (e.g. X2 interface), which
means that there is considerable delay in the backhaul
and therefore the centralized scheduling in one node is
not possible.
[0047] For SCG, the following principles are applied:
i) at least one cell in SCG has a configured UL CC and
one of them, named PSCell, is configured with PUCCH
resources; ii) RRC connection Re-establishment proce-
dure is not triggered; iii) for split bearers, the DL data
transfer over the MeNB is maintained; iv) PSCell cannot
be deactivated; and v) PSCell can only be changed with
SCG change (i.e. with security key change and RACH
procedure).
[0048] With respect to the interaction between MeNB
and SeNB, the following principles are applied: i) the
MeNB maintains the RRM measurement configuration
of the UE and may, e.g, based on received measurement
reports or traffic conditions or bearer types, decide to ask
a SeNB to provide additional resources (serving cells)
for a UE; ii) upon receiving the request from the MeNB,
a SeNB may create the container that will result in the
configuration of additional serving cells for the UE (or
decide that it has no resource available to do so); iii) for
UE capability coordination, the MeNB provides (part of)
the AS configuration and the UE capabilities to the SeNB;
iv) the MeNB and the SeNB exchange information about
UE configuration by means of RRC containers (inter-
node messages) carried in X2 messages; v) the SeNB
may initiate a reconfiguration of its existing serving cells
(e.g., PUCCH towards the SeNB); vi) the SeNB decides
which cell is the PSCell within the SCG; and vii) the MeNB
does not change the content of the RRC configuration
provided by the SeNB.
[0049] FIG. 7 is a conceptual diagram for radio protocol
architecture for dual connectivity.
[0050] E-UTRAN of the present example can support
dual connectivity operation whereby a multiple recep-
tions/transmissions(RX/TX) UE in RRC_CONNECTED
is configured to utilize radio resources provided by two
distinct schedulers, located in two eNBs (or base sta-
tions) connected via a non-ideal backhaul over the X2
interface. The eNBs involved in dual connectivity for a
certain UE may assume two different roles: an eNB may
either act as the MeNB or as the SeNB. In dual connec-
tivity, a UE can be connected to one MeNB and one
SeNB.

[0051] In the dual connectivity operation, the radio pro-
tocol architecture that a particular bearer uses depends
on how the bearer is setup. Three alternatives exist, MCG
bearer, split bearer and SCG bearer. Those three alter-
natives are depicted on FIG. 7. The SRBs (Signaling Ra-
dio Bearers) are always of the MCG bearer and therefore
only use the radio resources provided by the MeNB. The
MCG bearer is a radio protocol only located in the MeNB
to use MeNB resources only in the dual connectivity. And
the SCG bearer is a radio protocol only located in the
SeNB to use SeNB resources in the dual connectivity.
[0052] Specially, the split bearer is a radio protocol lo-
cated in both the MeNB and the SeNB to use both MeNB
and SeNB resources in the dual connectivity and the split
bearer may be a radio bearer comprising one Packet
Data Convergence Protocol (PDCP) entity, two Radio
Link Control (RLC) entities and two Medium Access Con-
trol (MAC) entities for one direction.
[0053] The expected benefits of the split bearer are: i)
the SeNB mobility hidden to CN, ii) no security impacts
with ciphering being required in MeNB only, iii) no data
forwarding between SeNBs required at SeNB change,
iv) offloads RLC processing of SeNB traffic from MeNB
to SeNB, v) little or no impacts to RLC, vi) utilization of
radio resources across MeNB and SeNB for the same
bearer possible, vii) relaxed requirements for SeNB mo-
bility (MeNB can be used in the meantime).
[0054] Meanwhile, in LTE-WLAN radio level integra-
tion, the radio protocol architecture that a particular bear-
er uses depends on the LTE-WLAN Aggregation (LWA)
backhaul scenario and how the bearer is set up. For the
LTE-WLAN radio level integration, similar architecture
as dual connectivity can be used. The only change is to
replace SeNB by WLAN. Thus, all functions depending
on the split bearer can be applied on all technical areas
to be used the split bearer. For example, if a structure of
the split bearer is applied in a new RAT to be used in 5G
network, the all functions depending on the split bearer
can be applied on the new RAT.
[0055] FIG. 8 is a conceptual diagram for a PDCP entity
architecture.
[0056] FIG. 8 represents one possible structure for the
PDCP sublayer, but it should not restrict implementation.
Each RB (i.e. DRB and SRB, except for SRB0) is asso-
ciated with one PDCP entity. Each PDCP entity is asso-
ciated with one or two (one for each direction) RLC en-
tities depending on the RB characteristic (i.e. unidirec-
tional or bidirectional) and RLC mode. The PDCP entities
are located in the PDCP sublayer. The PDCP sublayer
is configured by upper layers.
[0057] FIG. 9 is a conceptual diagram for functional
view of a PDCP entity.
[0058] The PDCP entities are located in the PDCP sub-
layer. Several PDCP entities may be defined for a UE.
Each PDCP entity carrying user plane data may be con-
figured to use header compression. Each PDCP entity
is carrying the data of one radio bearer. In this version
of the specification, only the robust header compression
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protocol (ROHC), is supported. Every PDCP entity uses
at most one ROHC compressor instance and at most one
ROHC decompressor instance. A PDCP entity is asso-
ciated either to the control plane or the user plane de-
pending on which radio bearer it is carrying data for.
[0059] FIG. 9 represents the functional view of the PD-
CP entity for the PDCP sublayer; it should not restrict
implementation. The figure is based on the radio interface
protocol architecture.
[0060] For the purpose of MAC buffer status reporting,
the UE may consider PDCP Control PDUs, as well as
the following as data available for transmission (DAT) in
the PDCP layer, for SDUs for which no PDU has been
submitted to lower layers: i) the SDU itself, if the SDU
has not yet been processed by PDCP, or ii) the PDU if
the SDU has been processed by PDCP.
[0061] In addition, for radio bearers that are mapped
on RLC AM, if the PDCP entity has previously performed
the re-establishment procedure, the UE may also con-
sider the following as data available for transmission in
the PDCP layer, for SDUs for which a corresponding PDU
has only been submitted to lower layers prior to the PDCP
re-establishment, starting from the first SDU for which
the delivery of the corresponding PDUs has not been
confirmed by the lower layer, except the SDUs which are
indicated as successfully delivered by the PDCP status
report, if received: i) the SDU, if it has not yet been proc-
essed by PDCP, or ii) the PDU once it has been proc-
essed by PDCP.
[0062] For split bearers, when indicating the data avail-
able for transmission to the MAC entity for a BSR trig-
gering and Buffer Size calculation, the UE shall indicate
the data available for transmission to the MAC entity con-
figured for SCG only if ul-DataSplitDRB-ViaSCG is set
to TRUE by upper layer. And if else, the UE shall indicate
the data available for transmission to the MAC entity con-
figured for MCG only.
[0063] When submitting PDCP PDUs to lower layers,
the transmitting PDCP entity shall submit the PDCP
PDUs to the associated AM RLC entity configured for
SCG if ul-DataSplitDRB-ViaSCG is set to TRUE by upper
layers. And if else, the transmitting PDCP entity shall
submit the PDCP PDUs to the associated AM RLC entity
configured for MCG.
[0064] Here, the ul-DataSplitDRB-ViaSCG indicates
that whether the UE shall send PDCP PDUs via SCG as
specified in TS 36.323. E-UTRAN only configures the
field (i.e. indicates value TRUE) for split DRBs.
[0065] FIG. 10 is a conceptual diagram for overview
model of the RLC sub layer.
[0066] Functions of the RLC sub layer are performed
by RLC entities. For a RLC entity configured at the eNB,
there is a peer RLC entity configured at the UE and vice
versa. For an RLC entity configured at the transmitting
UE for sidelink traffic channel (STCH) or sidelink broad-
cast control channel (SBCCH) there is a peer RLC entity
configured at each receiving UE for STCH or SBCCH.
[0067] An RLC entity receives/delivers RLC SDUs

from/to upper layer and sends/receives RLC PDUs
to/from its peer RLC entity via lower layers. An RLC PDU
can either be a RLC data PDU or a RLC control PDU. If
an RLC entity receives RLC SDUs from upper layer, it
receives them through a single service access point
(SAP) between RLC and upper layer, and after forming
RLC data PDUs from the received RLC SDUs, the RLC
entity delivers the RLC data PDUs to lower layer through
a single logical channel. If an RLC entity receives RLC
data PDUs from lower layer, it receives them through a
single logical channel, and after forming RLC SDUs from
the received RLC data PDUs, the RLC entity delivers the
RLC SDUs to upper layer through a single SAP between
RLC and upper layer. If an RLC entity delivers/receives
RLC control PDUs to/from lower layer, it delivers/re-
ceives them through the same logical channel it deliv-
ers/receives the RLC data PDUs through.
[0068] An RLC entity can be configured to perform data
transfer in one of the following three modes: Transparent
Mode (TM), Unacknowledged Mode (UM) or Acknowl-
edged Mode (AM). Consequently, an RLC entity is cat-
egorized as a TM RLC entity, an UM RLC entity or an
AM RLC entity depending on the mode of data transfer
that the RLC entity is configured to provide.
[0069] For the purpose of MAC buffer status reporting,
the UE shall consider the following as data available for
transmission in the RLC layer: i) RLC SDUs, or segments
thereof, that have not yet been included in an RLC data
PDU, and ii) RLC data PDUs, or portions thereof, that
are pending for retransmission (RLC AM).
[0070] In addition, if a STATUS PDU has been trig-
gered and t-StatusProhibit is not running or has expired,
the UE shall estimate the size of the STATUS PDU that
will be transmitted in the next transmission opportunity,
and consider this as data available for transmission in
the RLC layer.
[0071] Here, the t-StatusProhibit is a timer for status
reporting in TS 36.322, in milliseconds. Regarding a val-
ue of the timer, value "ms0" means 0ms, value "ms5"
means 5ms, and so on.
[0072] FIG. 11 is a diagram for MAC structure overview
in a UE side.
[0073] The MAC layer handles logical-channel multi-
plexing, hybrid-ARQ retransmissions, and uplink and
downlink scheduling. It is also responsible for multiplex-
ing/demultiplexing data across multiple component car-
riers when carrier aggregation is used.
[0074] The MAC provides services to the RLC in the
form of logical channels. A logical channel is defined by
the type of information it carries and is generally classified
as a control channel, used for transmission of control and
configuration information necessary for operating an LTE
system, or as a traffic channel, used for the user data.
The set of logical-channel types specified for LTE in-
cludes:

- The Broadcast Control Channel (BCCH), used for
transmission of system information from the network
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to all terminals in a cell. Prior to accessing the sys-
tem, a terminal needs to acquire the system infor-
mation to find out how the system is configured and,
in general, how to behave properly within a cell.

- The Paging Control Channel (PCCH), used for pag-
ing of terminals whose location on a cell level is not
known to the network. The paging message there-
fore needs to be transmitted in multiple cells.

- The Common Control Channel (CCCH), used for
transmission of control information in conjunction
with random access.

- The Dedicated Control Channel (DCCH), used for
transmission of control information to/from a termi-
nal. This channel is used for individual configuration
of terminals such as different handover messages.

- The Multicast Control Channel (MCCH), used for
transmission of control information required for re-
ception of the MTCH.

- The Dedicated Traffic Channel (DTCH), used for
transmission of user data to/from a terminal. This is
the logical channel type used for transmission of all
uplink and non-MBSFN downlink user data.

- The Multicast Traffic Channel (MTCH), used for
downlink transmission of MBMS services.

[0075] In Dual Connectivity, two MAC entities are con-
figured in the UE: one for the MCG and one for the SCG.
Each MAC entity is configured by RRC with a serving
cell supporting PUCCH transmission and contention
based Random Access.
[0076] The functions of the different MAC entities in
the UE operate independently in principle. The timers
and paramenters used in each MAC entity are configured
independently in principle. The Serving Cells, C-RNTI,
radio bearers, logical channels, upper and lower layer
entities, LCGs, and HARQ entities considered by each
MAC entity refer to those mapped to that MAC entity in
principle. Exceptively, if otherwise indicated, the different
MAC entities can be performed dependently.
[0077] FIG. 12 is a diagram for transmitting a sched-
uling request.
[0078] The scheduler needs knowledge about the
amount of data awaiting transmission from the terminals
to assign the proper amount of uplink resources. Obvi-
ously, there is no need to provide uplink resources to a
terminal with no data to transmit as this would only result
in the terminal performing padding to fill up the granted
resources. Hence, as a minimum, the scheduler needs
to know whether the terminal has data to transmit and
should be given a grant. This is known as a scheduling
request (SR).
[0079] A SR is a simple flag, raised by the terminal to
request uplink resources from the uplink scheduler. Since
the terminal requesting resources has no PUSCH re-
source, the SR is transmitted on the PUCCH. Each ter-
minal can be assigned a dedicated PUCCH scheduling
request resource, occurring every n-th subframe, as
shown in FIG. 12.

[0080] When data with higher priority than already ex-
isting in the transmit buffers arrives at the terminal and
the terminal has no grant and hence cannot transmit the
data, the terminal transmits a SR at the next possible
instant, as shown in FIG. 12. Upon reception of the re-
quest, the scheduler can assign a grant to the terminal.
If the terminal does not receive a scheduling grant until
the next possible scheduling-request instant, then the
SR is repeated.
[0081] The use of a single bit for the SR is motivated
by the desire to keep the uplink overhead small, as a
multi-bit SR would come at a higher cost. A consequence
of the single bit SR is the limited knowledge at the eNB
about the buffer situation at the terminal when receiving
such a request. Different scheduler implementations
handle this differently. One possibility is to assign a small
amount of resources to ensure that the terminal can ex-
ploit them efficiently without becoming power limited.
Once the terminal has started to transmit on the UL-SCH,
more detailed information about the buffer status and
power headroom can be provided through the inband
MAC control message, as discussed with reference to
FIG. 13.
[0082] Although the scheduling-request design for LTE
relies on dedicated resources, a terminal that has not
been allocated such resources obviously cannot transmit
a SR. Instead, terminals without scheduling-request re-
sources configured rely on the random-access mecha-
nism.
[0083] When a SR is triggered, it shall be considered
as pending until it is cancelled. All pending SRs shall be
cancelled and sr-ProhibitTimer shall be stopped, when
a MAC PDU is assembled and this PDU includes a BSR
which contains buffer status up to (and including) the last
event that triggered a BSR, or when the UL grant(s) can
accommodate all pending data available for transmis-
sion.
[0084] If an SR is triggered and there is no other SR
pending, the MAC entity shall set the SR_COUNTER to 0.
[0085] As long as one SR is pending, for each TTI, the
MAC entity shall initiate a Random Access procedure on
the SpCell and cancel all pending SRs if no UL-SCH re-
sources are available for a transmission in this TTI, or if
the MAC entity has no valid PUCCH resource for SR
configured in any TTI.
[0086] Else if the MAC entity has a valid PUCCH re-
source for SR configured for this TTI and if this TTI is not
part of a measurement gap and if sr-ProhibitTimer is not
running, the MAC entity may increment SR_COUNTER
by 1, may instruct the physical layer to signal the SR on
PUCCH, and may start the sr-ProhibitTimer, if
SR_COUNTER < dsr-TransMax. Else, the MAC entity
may notify RRC to release PUCCH/SRS for all serving
cells, and may clear any configured downlink assign-
ments and uplink grants, and may initiate a Random Ac-
cess procedure on the SpCell and cancel all pending
SRs.
[0087] Meanwhile, terminals that already have a valid
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grant obviously do not need to request uplink resources.
However, to allow the scheduler to determine the amount
of resources to grant to each terminal in future subframes,
information about the buffer situation and the power avail-
ability is useful, as discussed above. This information is
provided to the scheduler as part of the uplink transmis-
sion through MAC control element. The MAC control el-
ement will be shown in FIG. 13.
[0088] FIG. 13 is a diagram for signaling of buffer sta-
tus.
[0089] The LCID field in one of the MAC subheaders
is set to a reserved value indicating the presence of a
buffer status report, as illustrated in FIG. 13.
[0090] From a scheduling perspective, buffer informa-
tion for each logical channel is beneficial, although this
could result in a significant overhead. Logical channels
are therefore grouped into logical-channel groups and
the reporting is done per group. The buffer-size field in
a buffer-status report indicates the amount of data avail-
able transmission across all logical channels in a logical-
channel group.
[0091] The Buffer Status Reporting (BSR) procedure
is used to provide a serving eNB with information about
the amount of DAT in the UL buffers of the UE. RRC may
control BSR reporting by configuring the three timers pe-
riodicBSR-Timer and retxBSR-Timer and logicalChan-
nelSR-ProhibitTimer and by, for each logical channel,
optionally signaling Logical Channel Group (LCG) which
allocates the logical channel to an LCG.
[0092] For the BSR procedure, the MAC entity shall
consider all radio bearers which are not suspended and
may consider radio bearers which are suspended.
[0093] A buffer status report represents one or all four
logical-channel groups and can be triggered for the fol-
lowing reasons:

i) Arrival of data with higher priority than currently in
the transmission buffer-that is, data in a logical-chan-
nel group with higher priority than the one currently
being transmitted-as this may impact the scheduling
decision. The UL data, for a logical channel which
belongs to a LCG, becomes available for transmis-
sion in the RLC entity or in the PDCP entity and either
the data belongs to a logical channel with higher pri-
ority than the priorities of the logical channels which
belong to any LCG and for which data is already
available for transmission, or there is no data avail-
able for transmission for any of the logical channels
which belong to a LCG, in which case the BSR is
referred below to as "Regular BSR".
ii) Change of serving cell, in which case a buffer-
status report is useful to provide the new serving cell
with information about the situation in the terminal.
iii) Periodically as controlled by a timer. A retxBSR-
Timer expires and the UE has data available for
transmission for any of the logical channels which
belong to a LCG, in which case the BSR is referred
below to as "Regular BSR", or a periodicBSR-Timer

expires, in which case the BSR is referred below to
as "Periodic BSR".
iv) Instead of padding. UL resources are allocated
and number of padding bits is equal to or larger than
the size of the Buffer Status Report MAC control el-
ement plus its subheader, in which case the BSR is
referred below to as "Padding BSR". If the amount
of padding required to match the scheduled transport
block size is larger than a buffer-status report, a buff-
er-status report is inserted. Clearly it is better to ex-
ploit the available payload for useful scheduling in-
formation instead of padding if possible.

[0094] For Regular BSR, if the BSR is triggered due to
data becoming available for transmission for a logical
channel for which logicalChannelSR-ProhibitTimer is
configured by upper layers, the MAC entity starts the log-
icalChannelSR-ProhibitTimer if not running. If running,
the MAC entity stops the logicalChannelSR-ProhibitTim-
er.
[0095] For Regular and Periodic BSR, if more than one
LCG has data available for transmission in the TTI where
the BSR is transmitted, the UE may report Long BSR. If
else, the UE may report Short BSR.
[0096] For Padding BSR, if the number of padding bits
is equal to or larger than the size of the Short BSR plus
its subheader but smaller than the size of the Long BSR
plus its subheader, the UE may report Truncated BSR
of LCG with the highest priority logical channel with data
available for transmission if more than one LCG has data
available for transmission in the TTI where the BSR is
transmitted. If else, the UE may report Short BSR.
[0097] And else if the number of padding bits is equal
to or larger than the size of the Long BSR plus its sub-
header, the UE may report Long BSR.
[0098] If the Buffer Status reporting procedure deter-
mines that at least one BSR has been triggered and not
cancelled, the UE may instruct the Multiplexing and As-
sembly procedure to generate the BSR MAC control el-
ement(s), start or restart periodicBSR-Timer except
when all the generated BSRs are Truncated BSRs, and
start or restart retxBSR-Timer if the UE has UL resources
allocated for new transmission for this TTI. Else if a Reg-
ular BSR has been triggered and logicalChannelSR-Pro-
hibitTimer is not running, a Scheduling Request shall be
triggered if an uplink grant is not configured or the Regular
BSR was not triggered due to data becoming available
for transmission for a logical channel for which logical
channel SR masking (logicalChannelSR-Mask) is setup
by upper layers.
[0099] A MAC PDU may contain at most one MAC BSR
control element, even when multiple events trigger a BSR
by the time a BSR can be transmitted in which case the
Regular BSR and the Periodic BSR shall have prece-
dence over the padding BSR.
[0100] The UE may restart retxBSR-Timer upon indi-
cation of a grant for transmission of new data on any UL-
SCH.
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[0101] All triggered BSRs may be cancelled in case
UL grants in this subframe can accommodate all pending
data available for transmission but is not sufficient to ad-
ditionally accommodate the BSR MAC control element
plus its subheader. All triggered BSRs shall be cancelled
when a BSR is included in a MAC PDU for transmission.
[0102] The UE shall transmit at most one Regular/Pe-
riodic BSR in a TTI. If the UE is requested to transmit
multiple MAC PDUs in a TTI, it may include a padding
BSR in any of the MAC PDUs which do not contain a
Regular/Periodic BSR.
[0103] All BSRs transmitted in a TTI always reflect the
buffer status after all MAC PDUs have been built for this
TTI. Each LCG shall report at the most one buffer status
value per TTI and this value shall be reported in all BSRs
reporting buffer status for this LCG.
[0104] A Padding BSR is not allowed to cancel a trig-
gered Regular/Periodic BSR. A Padding BSR is triggered
for a specific MAC PDU only and the trigger is cancelled
when this MAC PDU has been built.
[0105] As discussed above, in order to request an UL
grant having a proper amount of UL resources, a UE can
transmit a BSR and/or a SR to at least one eNB. For
triggering the BSR and/or a SR, a PDCP entity can indi-
cate an amount of data available for transmission in PD-
CP entity (DATP) to at least one MAC entity. When the
UE receives the UL grant, the UE can transmit UL data
using the UL grant.
[0106] For UL split bearers in Rel-12, the UE indicates
the DATP to only one MAC entity depending on the con-
figuration (ul-DataSplitDRB-ViaSCG). For the other MAC
entity, the UE does not indicate DATP at all.
[0107] In Rel-13, indication behavior of the PDCP en-
tity is changed due to the introduction of threshold, as
shown below.
[0108] If the PDCP data amount is larger than or equal
to the threshold, both MAC entities trigger BSRs and if
the PDCP data amount is less than the threshold, only
one MAC entity triggers BSR. If ul-DataSplitDRB-ViaS-
CG is set to TRUE by upper layer, the PDCP entity indi-
cates DATP to the MAC entity configured for SCG only.
And else, the PDCP entity indicates DATP to the MAC
entity configured for MCG only.
[0109] There are some agreements for UE operation
regarding UL data transmission in dual connectivity, ac-
cording to the mentioned above: (1) a PDCP entity is
indicated by ul-DataSplitDRB-ViaSCG-r12 to which eNB
among a MeNB and a SeNB UE shall trigger a BSR when
an amount of DATP is less than a threshold; (2) the PDCP
entity reports buffer status for an UL bearer split only
towards the eNB indicated by ul-DataSplitDRB-ViaSCG-
r12 when the amount of the DATP is less than the thresh-
old; (2a) PDCP entity reports buffer status for an UL bear-
er split towards the both of the MeNB and the SeNB when
the amount of the DATP is above the threshold; (3) PDCP
entity transmits PDCP PDU for an UL bearer split only
towards the eNB indicated by ul-DataSplitDRB-ViaSCG-
r12 when the amount of the DATP is less than the thresh-

old; (4) BSR triggering, Buffer Size calculation, and data
transmission is aligned; and (0) the threshold is config-
ured per radio bearer.
[0110] Followings are examples of UE operation ac-
cording to the agreements as discussed above.
[0111] In a first case, if PDCP SDU (whose size is X,
where X < threshold (Th)) arrives when PDCP buffer is
empty, PDCP entity indicates X to MAC entity for SeNB
(S-MAC), and S-MAC triggers a BSR. In this case, X is
reported to S-MAC for buffer status (BS) calculation in
the S-MAC, and 0 is reported to MAC entity for MeNB
(M-MAC) for buffer status calculation in M-MAC.
[0112] In a second case, if PDCP SDU (whose size is
X, where X > Th) arrives when PDCP buffer is empty,
PDCP indicates X to both M-MAC and S-MAC, and M-
MAC and S-MAC triggers a BSR. In this case, X is re-
ported to S-MAC for BS calculation in S-MAC, and X is
reported to M-MAC for BS calculation in M-MAC.
[0113] In a third case, if PDCP SDU (whose size is X)
arrives when a size of data in PDCP buffer is Y(where Y
< Th and X + Y < Th), there is no BSR triggering.
[0114] In a fourth case, if PDCP SDU (whose size is
X) arrives when data amount in PDCP buffer is Y (where
Y < Th and X + Y > Th), PDCP entity indicates X+Y to
M-MAC, and M-MAC triggers a BSR.
[0115] In a fifth case, if PDCP SDU (whose size is X)
arrives when data amount in PDCP buffer is Y (where Y
> Th and X + Y > Th), there is no BSR triggering.
[0116] In a sixth case, when data amount in PDCP buff-
er changes from Y to X (where Y > Th and X < Th), there
is no BSR triggering.
[0117] According to the mentioned agreements, if the
amount of DATP is below the threshold, a PDCP entity
indicates the amount of DATP to one of MAC entities
(e.g., a MAC entity configured for an eNB indicated by
ul-DataSplitDRB-ViaSCG-r12. hereinafter, a X-MAC en-
tity), for the purpose of BSR. This would imply that the
amount of DATP will be indicated as zero to other MAC
entity (e.g., a MAC entity configured for an eNB not indi-
cated by ul-DataSplitDRB-ViaSCG-r12. hereinafter, a Y-
MAC entity). If the amount of DATP is above the thresh-
old, the PDCP will indicate the amount of DATP to both
MAC entities (i.e, the X-MAC entity and the Y-MAC en-
tity).
[0118] As a result, when the amount of DATP becomes
above the threshold, the Y-MAC entity will trigger a BSR
because, from the Y-MAC entity’s point of view, UL data
becomes available for transmission in the PDCP entity
for which there was no data available for transmission.
Meanwhile, apart from this case, it is noted that the Y-
MAC entity may trigger a BSR by timers configured for
a BSR operation in Y-MAC entity.
[0119] After triggering a BSR in the Y-MAC entity by
DATP of which the amount is above the threshold, there
could be a case that the UE receives an UL grant from
an eNB associated with the X-MAC entity (hereinafter,
XeNB). If the UL grant can accommodate all of the DATP,
in case there is no data available for transmission in a
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RLC entity associated with the Y-MAC entity, it becomes
there is no pending data from the Y-MAC entity’s point
of view.
[0120] In summary, for a split bearer, the amount of
pending data for the Y-MAC entity can become zero even
without receiving any UL grant from an eNB associated
with the Y-MAC entity (hereinafter, YeNB).
[0121] Meanwhile, according to the current BSR can-
cellation condition, all triggered BSR shall be cancelled
in case UL grants in this subframe can accommodate all
pending data available for transmission but is not suffi-
cient to additionally accommodate the BSR MAC control
element plus its subheader, or in case a BSR is included
in a MAC PDU for transmission.
[0122] The BSR cancellation based on the above con-
ditions has worked well up to Rel-12 because the amount
of pending data never becomes zero without receiving
any UL grant from the corresponding eNB. However,
since a split bearer is introduced in Rel-13, it is possible
that the amount of pending data becomes zero from the
Y-MAC entity’s perspective even without receiving any
UL grant from the YeNB because an UL grant can be
received from the XeNB. A specific example regarding
this issue will be discussed with reference to FIG. 14.
[0123] FIG. 14 shows an exemplary problem regarding
the current BSR cancellation condition in dual connec-
tivity.
[0124] In FIG.14, it is assumed that there is no data
available for transmission in a Y-RLC entity (i.e, a RLC
entity associated with the Y-MAC entity).
[0125] Referring to FIG. 14, the UE is configured by
the network that, if the amount of data available trans-
mission in a PDCP entity associated with the Y-MAC en-
tity is less than threshold (300 bytes), the Y-MAC entity
considers that there is no DATP (i.e., DATP=0). The
threshold is configured by the network.
[0126] At t1, there is no DATP for the Y-MAC entity’s
point of view.
[0127] At t2, the amount of DATP becomes 500 bytes.
Thus, the amount of DATP becomes larger than the
threshold (300 bytes). Hence, the Y-MAC entity triggers
a BSR and/or a scheduling request (SR). Here, a PDCP
entity associated with the Y-MAC entity may indicates
the amount of DATP to the Y-MAC entity, because the
amount of DATP (500 bytes) is larger than the threshold
(300 bytes).
[0128] At t3, the UE receives an UL grant (400 bytes)
from an eNB associated with the X-MAC entity (herein-
after, XeNB), and the X-MAC entity transmits 400 bytes
of MAC PDU to the XeNB. Accordingly, total amount of
data in the PDCP entity becomes 100 bytes, which is
less than the threshold (300 bytes). Thus, from the Y-
MAC entity’s point of view, the amount of DATP becomes
zero. However, according to the current BSR cancellation
condition, the Y-MAC entity does not cancel any triggered
BSR and any pending SR, even the amount of DATP in
the Y-MAC entity’s perspective becomes zero.
[0129] At t4, the Y-MAC entity may transmit a SR to

an eNB associated with the Y-MAC entity (i.e, YeNB).
[0130] At t5, the UE receives an UL grant (10 bytes)
from the YeNB in response to the SR. The Y-MAC entity
transmits a BSR using the UL grant (10 bytes) to the
YeNB, and the Y-MAC entity cancels the pending SR.
[0131] In summary, according to the current BSR can-
cellation condition, all triggered BSR in the Y-MAC entity
will remain triggered until an UL grant is received from
the YeNB entity and the Y-MAC entity may initiate SR
and/or random access (RA) procedure although there is
no pending data at all from the Y-MAC entity’s point of
view.
[0132] Therefore, a new mechanism is needed to can-
cel a BSR / a SR properly in the Y-MAC entity by con-
sidering the fluctuation of the amount of DATP from the
Y-MAC entity’s point of view. A UE operation for cancel-
ling a BSR / a SR properly in dual connectivity will be
discussed with reference to FIGs. 15 and 16.
[0133] FIG. 15 is conceptual diagram for a UE opera-
tion regarding a BSR cancellation in dual connectivity
according to an exemplary embodiment of the present
invention.
[0134] It is invented that, for a split bearer in dual con-
nectivity, when total amount of all pending data in a RLC
entity and in a PDCP entity for a Y-MAC entity becomes
zero, the Y-MAC entity shall cancel all triggered BSRs
even if the Y-MAC entity does not receive an UL grant
from a YeNB, upon when the amount of all pending data
becomes zero for the Y-MAC.
[0135] For the invention, it is assumed that there are
two MAC entities, two RLC entities, and one PDCP entity
for a split bearer. Two MAC entities are a X-MAC entity
and a Y-MAC entity. As described above, the X-MAC
entity may be a MAC entity configured for an eNB indi-
cated by ul-DataSplitDRB-ViaSCG-r12, and the Y-MAC
entity may be a MAC entity configured for an eNB not
indicated by ul-DataSplitDRB-ViaSCG-r12. Two RLC en-
tities are a X-RLC entity associated with the X-MAC entity
and a Y-RLC entity associated with the Y-MAC entity. It
is also assumed that if an amount of DATP is less than
a threshold, the X-MAC entity considers that there is data
available for transmission in PDCP entity, but the Y-MAC
entity considers that there is no data available for trans-
mission in PDCP entity.
[0136] The X- may be associated with either MCG or
SCG and Y- may be associated with either SCG or MCG,
respectively, which is configured by the network.
[0137] It is also assumed that all pending data in a RLC
entity or in a PDCP entity is the data available for trans-
mission in the RLC entity or in the PDCP entity as spec-
ified with reference to FIGs. 9 and 10, respectively. The
Y-MAC entity triggers a BSR based on the BSR trigger
condition as specified with reference to FIG 13.
[0138] If the Y-MAC entity has triggered at least one
BSR and has not cancelled the at least one BSR, when
the total amount of the data available for transmission in
a PDCP entity associated with the Y-MAC entity and in
a Y-RLC entity associated with the Y-MAC entity is zero,
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the Y-MAC entity considers that there is no data available
for transmission in the PDCP entity and there is no data
available for transmission in the Y-RLC entity.
[0139] Referring to FIG. 15, a UE receives an UL data
from an upper layer (S1501). The UL data may be re-
ceived at a PDCP entity or at a RLC entity.
[0140] After that, the Y-MAC entity of the UE may trig-
ger a BSR for a first eNB due to the UL data (S1503).
The first eNB may be an eNB associated with the Y-MAC
entity (i.e, YeNB). In the present exemplary embodiment,
the amount of the data available for transmission is above
the threshold, thus the amount of data available for trans-
mission may be indicated to both of the X-MAC entity
and the Y-MAC entity.
[0141] After the BSR is triggered, the UE transmits, to
a second eNB, at least a part of the UL data using an UL
grant received from the second eNB (S1505). The sec-
ond eNB may be an eNB associated with the X-MAC
entity (i.e, XeNB).
[0142] Due to the transmission of the at least a part of
the UL data, thus the amount of data available for trans-
mission to be transmitted to the first eNB (i.e, the amount
of data available for transmission in the Y-MAC entity’s
point of view) changes to zero. Therefore, the Y-MAC
entity cancels the triggered BSR, even if an UL grant in
response to the triggered BSR is not received from the
first eNB (S1507). The data available for transmission to
be transmitted to the first eNB is zero, when an amount
of data available for transmission in the PDCP entity is
less than the threshold and an amount of data available
for transmission in a RLC entity configured for the first
eNB is zero. In other words, if the Y-MAC entity has trig-
gered at least one BSR and has not cancelled the at least
one BSR, and when the Y-MAC entity considers that
there is no data available for transmission in both of the
PDCP entity and the Y-RLC entity, the Y-MAC entity shall
cancel all triggered BSRs.
[0143] When the Y-MAC entity cancels the triggered
BSR, the Y-MAC entity may also cancel another triggered
BSR for the first eNB. However, the Y-MAC entity may
not cancel another triggered BSR for the second eNB
when the triggered BSR is cancelled. In other words,
when the Y-MAC entity cancels all triggered BSRs, the
X-MAC entity does not cancel the BSRs which have been
triggered by the X-MAC entity.
[0144] FIG. 16 is conceptual diagram for a UE opera-
tion regarding SR cancellation in dual connectivity ac-
cording to an exemplary embodiment of the present in-
vention.
[0145] It is invented that, for a split bearer in dual con-
nectivity, when total amount of all pending data in a RLC
entity and in a PDCP entity for a Y-MAC entity becomes
zero, the Y-MAC entity shall cancel all pending SRs even
if the Y-MAC entity does not receive an UL grant from a
YeNB, upon when the amount of all pending data be-
comes zero for the Y-MAC.
[0146] For the invention, it is assumed that there are
two MAC entities, two RLC entities, and one PDCP entity

for a split bearer. Two MAC entities are a X-MAC entity
and a Y-MAC entity. As described above, the X-MAC
entity may be a MAC entity configured for an eNB indi-
cated by ul-DataSplitDRB-ViaSCG-r12, and the Y-MAC
entity may be a MAC entity configured for an eNB not
indicated by ul-DataSplitDRB-ViaSCG-r12. Two RLC en-
tities are a X-RLC entity associated with the X-MAC entity
and a Y-RLC entity associated with the Y-MAC entity. It
is also assumed that if an amount of DATP is less than
a threshold, the X-MAC entity considers that there is data
available for transmission in PDCP entity, but the Y-MAC
entity considers that there is no data available for trans-
mission in PDCP entity.
[0147] The X- may be associated with either MCG or
SCG and Y- may be associated with either SCG or MCG,
respectively, which is configured by the network.
[0148] It is also assumed that all pending data in a RLC
entity or in a PDCP entity is the data available for trans-
mission in the RLC entity or in the PDCP entity as spec-
ified with reference to FIGs. 9 and 10, respectively. The
Y-MAC entity triggers a SR based on the SR trigger con-
dition as specified with reference to FIG 12.
[0149] If the Y-MAC entity has triggered at least one
SR and has not cancelled the at least one SR, when the
total amount of the data available for transmission in a
PDCP entity associated with the Y-MAC entity and in a
Y-RLC entity associated with the Y-MAC entity is zero,
the Y-MAC entity considers that there is no data available
for transmission in the PDCP entity and there is no data
available for transmission in the Y-RLC entity.
[0150] Referring to FIG. 16, a UE receives an UL data
from an upper layer (S1601). The UL data may be re-
ceived at a PDCP entity or at a RLC entity.
[0151] After that, the Y-MAC entity of the UE may trig-
ger a SR for a first eNB due to the UL data (S1603). The
first eNB may be an eNB associated with the Y-MAC
entity (i.e, YeNB). In the present exemplary embodiment,
the amount of the data available for transmission is above
the threshold, thus the amount of data available for trans-
mission may be indicated to both of the X-MAC entity
and the Y-MAC entity.
[0152] After the SR is triggered, the UE transmits, to a
second eNB, at least a part of the UL data using an UL
grant received from the second eNB, while the triggered
SR is pending (S1605). The second eNB may be an eNB
associated with the X-MAC entity (i.e, XeNB).
[0153] Due to the transmission of the at least a part of
the UL data, thus the amount of data available for trans-
mission to be transmitted to the first eNB (i.e, the amount
of data available for transmission in the Y-MAC entity’s
point of view) changes to zero. Therefore, the Y-MAC
entity cancels the pending SR, even if an UL grant in
response to the pending SR is not received from the first
eNB (S1607). The data available for transmission to be
transmitted to the first eNB is zero, when an amount of
data available for transmission in the PDCP entity is less
than the threshold and an amount of data available for
transmission in a RLC entity configured for the first eNB
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is zero. In other words, if the Y-MAC entity has triggered
at least one SR and if the triggered at least one SR is
pending, and when the Y-MAC entity considers that there
is no data available for transmission in both of the PDCP
entity and the Y-RLC entity, the Y-MAC entity shall cancel
all pending SRs and stop sr-ProhibitTimer.
[0154] When the Y-MAC entity cancels the pending
SR, the Y-MAC entity may also cancel another pending
SR for the first eNB. However, the Y-MAC entity may not
cancel another pending SR for the second eNB when the
pending SR is cancelled. In other words, when the Y-
MAC entity cancels all pending SRs, the X-MAC entity
does not cancel the SRs which have been triggered by
the X-MAC entity. More specific example of a UE oper-
ation for cancelling a BSR / a SR described above will
be discussed with reference to FIG. 17.
[0155] FIG. 17 shows an example of a UE operation
according to an exemplary embodiment of the present
invention.
[0156] In FIG. 17, it is assumed that there is no data
available for transmission in a Y-RLC entity (i.e, a RLC
entity associated with the Y-MAC entity).
[0157] Referring to FIG. 17, the UE is configured by
the network that, if the amount of data available trans-
mission in a PDCP entity associated with the Y-MAC en-
tity is less than threshold (300 bytes), the Y-MAC entity
considers that there is no DATP (i.e., DATP=0). The
threshold is configured by the network.
[0158] At t1, there is no DATP for the Y-MAC entity’s
point of view.
[0159] At t2, the amount of DATP becomes 500 bytes.
Thus, the amount of DATP becomes larger than the
threshold (300 bytes). Hence, the Y-MAC entity triggers
a BSR and a SR. Here, a PDCP entity associated with
the Y-MAC entity may indicates the amount of DATP to
the Y-MAC entity, because the amount of DATP (500
bytes) is larger than the threshold (300 bytes).
[0160] At t3, the UE receives an UL grant (400 bytes)
from an eNB associated with the X-MAC entity (herein-
after, XeNB), and the X-MAC entity transmits 400 bytes
of MAC PDU to the XeNB. Accordingly, total amount of
data in the PDCP entity becomes 100 bytes, which is
less than the threshold (300 bytes). Thus, from the Y-
MAC entity’s point of view, the amount of DATP becomes
zero. Therefore, the Y-MAC entity cancels all triggered
BSR and pending SRs.
[0161] As discussed above, according to the embodi-
ments of the present invention, a BSR and/or a SR could
be cancelled properly in a MAC entity, in order to avoid
performing unnecessary BSR/SR/RA procedure in dual
connectivity.
[0162] The embodiments of the present invention de-
scribed hereinbelow are combinations of elements and
features of the present invention. The elements or fea-
tures may be considered selective unless otherwise men-
tioned. Each element or feature may be practiced without
being combined with other elements or features. Further,
an embodiment of the present invention may be con-

structed by combining parts of the elements and/or fea-
tures. Operation orders described in embodiments of the
present invention may be rearranged. Some construc-
tions of any one embodiment may be included in another
embodiment and may be replaced with corresponding
constructions of another embodiment. It is obvious to
those skilled in the art that claims that are not explicitly
cited in each other in the appended claims may be pre-
sented in combination as an embodiment of the present
invention or included as a new claim by subsequent
amendment after the application is filed.
[0163] In the embodiments of the present invention, a
specific operation described as performed by the BS may
be performed by an upper node of the BS. Namely, it is
apparent that, in a network comprised of a plurality of
network nodes including a BS, various operations per-
formed for communication with an MS may be performed
by the BS, or network nodes other than the BS. The term
’eNB’ may be replaced with the term ’fixed station’, ’Node
B’, ’Base Station (BS)’, ’access point’, etc.
[0164] The above-described embodiments may be im-
plemented by various means, for example, by hardware,
firmware, software, or a combination thereof.
[0165] In a hardware configuration, the method ac-
cording to the embodiments of the present invention may
be implemented by one or more Application Specific In-
tegrated Circuits (ASICs), Digital Signal Processors
(DSPs), Digital Signal Processing Devices (DSPDs),
Programmable Logic Devices (PLDs), Field Programma-
ble Gate Arrays (FPGAs), processors, controllers, micro-
controllers, or microprocessors.
[0166] In a firmware or software configuration, the
method according to the embodiments of the present in-
vention may be implemented in the form of modules, pro-
cedures, functions, etc. performing the above-described
functions or operations. Software code may be stored in
a memory unit and executed by a processor. The memory
unit may be located at the interior or exterior of the proc-
essor and may transmit and receive data to and from the
processor via various known means.
[0167] Those skilled in the art will appreciate that the
present invention may be carried out in other specific
ways than those set forth herein without departing from
essential characteristics of the present invention as de-
fined in the appended claims. The above embodiments
are therefore to be construed in all aspects as illustrative
and not restrictive. The scope of the invention should be
determined by the appended claims, not by the above
description, and all changes coming within the meaning
of the appended claims are intended to be embraced
therein.

Industrial Applicability

[0168] While the above-described method has been
described centering on an example applied to the 3GPP
LTE system, the present invention is applicable to a va-
riety of wireless communication systems in addition to
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the 3GPP LTE system.

Claims

1. A method for a user equipment, UE, operating in dual
connectivity with a split bearer connected to a first
base station and a second base station in a wireless
communication system, the method comprising:

receiving (S1501) an uplink, UL, data from an
upper layer;
triggering (S1503) a first buffer status reporting,
BSR, for the first base station and a second BSR
for the second base station when an amount of
the UL data is above a threshold;
transmitting (S1505), to the second base sta-
tion, at least a part of the UL data using an UL
grant received from the second base station;
and
cancelling (S1507) the triggered first BSR when
an amount of data available for transmission to
be transmitted to the first base station changes
to zero after the transmission of the at least a
part of the UL data, even if an UL grant in re-
sponse to the triggered BSR is not received from
the first base station,
wherein, when an amount of remaining data
available for transmission in a packet data con-
vergence protocol, PDCP, entity is less than the
threshold after the transmission of the at least a
part of the UL data and when an amount of data
available for transmission in a radio link control,
RLC, entity configured for the first base station
is zero, the amount of the data available for
transmission to be transmitted to the first base
station is changes to zero.

2. The method according to claim 1, further comprising:
cancelling all triggered BSR for the first base station
when the triggered first BSR is cancelled.

3. The method according to claim 1,
wherein the triggered second BSR for the second
base station is not cancelled when the triggered first
BSR is cancelled.

4. A User Equipment, UE, for operating in dual connec-
tivity with a split bearer connected to a first base sta-
tion and a second base station in a wireless commu-
nication system, the UE comprising:

a Radio Frequency, RF, module (135); and
a processor (110) operably coupled with the RF
module and configured to:

receive an uplink, UL, data from an upper
layer;

trigger a first buffer status reporting, BSR,
for the first base station and a second BSR
for the second base station when an amount
of the UL data is above a threshold;
transmit, to the second base station, at least
a part of the UL data using an UL grant re-
ceived from the second base station; and
cancel the triggered first BSR when an
amount of data available for transmission
to be transmitted to the first base station
changes to zero after the transmission of
the at least a part of the UL data, even if an
UL grant in response to the triggered BSR
is not received from the first base station,
wherein, when an amount of remaining data
available for transmission in a packet data
convergence protocol, PDCP, entity is less
than the threshold after the transmission of
the at least a part of the UL data and when
an amount of data available for transmis-
sion in a radio link control, RLC, entity con-
figured for the first base station is zero, the
amount of the data available for transmis-
sion to be transmitted to the first base sta-
tion is changes to zero.

5. The user equiment according to claim 4, wherein the
processor is further configured to:
cancel all triggered BSR for the first base station
when the triggered first BSR is cancelled.

6. The user equipment according to claim 4, wherein
the processor is further configured to not cancel the
triggered second BSR for the second base station
when the triggered first BSR is cancelled.

Patentansprüche

1. Verfahren für ein Benutzergerät, UE, das in dualer
Konnektivität mit einem geteilten Träger arbeitet, der
mit einer ersten Basisstation und einer zweiten Ba-
sisstation in einem drahtlosen Kommunikationssys-
tem verbunden ist, wobei das Verfahren umfasst:

Empfangen (S1501) von Uplink-, UL-, Daten
von einer oberen Schicht;
Veranlassen (S1503) einer ersten Pufferstatus-
meldung, BSR, für die erste Basisstation und
einer zweiten BSR für die zweite Basisstation,
wenn eine Menge der UL-Daten über einem
Schwellenwert liegt;
Übertragen (S1505), an die zweite Basisstation,
zumindest eines Teils der UL-Daten unter Ver-
wendung einer von der zweiten Basisstation
empfangenen UL-Gewährung; und
Aufheben (S1507) der veranlassten ersten
BSR, wenn eine für die Übertragung verfügbare
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Datenmenge zur Übertragung an die erste Ba-
sisstation nach der Übertragung des zumindest
einen Teils der UL-Daten auf Null wechselt,
selbst wenn eine UL-Gewährung in Reaktion auf
die veranlasste BSR nicht von der ersten Basis-
station empfangen wird,
wobei, wenn eine Menge an verbleibenden Da-
ten zur Übertragung in einer Paketdaten-Kon-
vergenzprotokoll-, PDCP-, Entität nach der
Übertragung des zumindest einen Teils der UL-
Daten kleiner als der Schwellenwert ist und
wenn eine für die Übertragung in einer Funkver-
bindungssteuerung-, RLC-, Entität verfügbare
Datenmenge, die für die erste Basisstation kon-
figuriert ist, null ist, die Menge der für die Über-
tragung verfügbaren Datenmenge zur Übertra-
gung zur ersten Basisstation auf null wechselt.

2. Verfahren nach Anspruch 1, ferner umfassend:
Aufheben aller veranlassten BSR für die erste Ba-
sisstation, wenn die veranlasste erste BSR aufge-
hoben wird.

3. Verfahren nach Anspruch 1,
wobei die veranlasste zweite BSR für die zweite Ba-
sisstation nicht aufgehoben wird, wenn die veran-
lasste erste BSR aufgehoben wird.

4. Benutzergerät, UE, zum Arbeiten in dualer Konnek-
tivität mit einem geteilten Träger, der mit einer ersten
Basisstation und einer zweiten Basisstation in einem
drahtlosen Kommunikationssystem verbunden ist,
wobei das UE umfasst:

ein Funkfrequenz-, RF-, Modul (135); und
einen Prozessor (110), der betriebsfähig mit
dem RF-Modul gekoppelt ist und konfiguriert ist
zum:

Empfangen von Uplink-, UL-, Daten von ei-
ner oberen Schicht;
Veranlassen einer ersten Pufferstatusmel-
dung, BSR, für die erste Basisstation und
einer zweiten BSR für die zweite Basissta-
tion, wenn eine Menge der UL-Daten über
einem Schwellenwert liegt;
Übertragen, an die zweite Basisstation, zu-
mindest eines Teils der UL-Daten unter Ver-
wendung einer von der zweiten Basisstati-
on empfangenen UL-Gewährung; und
Aufheben der veranlassten ersten BSR,
wenn eine für die Übertragung verfügbare
Datenmenge zur Übertragung an die erste
Basisstation nach der Übertragung des zu-
mindest einen Teils der UL-Daten auf Null
wechselt, selbst wenn eine UL-Gewährung
in Reaktion auf die veranlasste BSR nicht
von der ersten Basisstation empfangen

wird,
wobei, wenn eine Menge an verbleibenden
Daten zur Übertragung in einer Paketdaten-
Konvergenzprotokoll-, PDCP-, Entität nach
der Übertragung des zumindest einen Teils
der UL-Daten kleiner als der Schwellenwert
ist und wenn eine für die Übertragung in ei-
ner Funkverbindungssteuerung-, RLC-, En-
tität verfügbare Datenmenge, die für die
erste Basisstation konfiguriert ist, null ist,
die Menge der für die Übertragung verfüg-
baren Datenmenge zur Übertragung zur
ersten Basisstation auf null wechselt

5. Benutzergerät nach Anspruch 4, wobei der Prozes-
sor ferner konfiguriert ist zum:
Aufheben aller veranlassten BSR für die erste Ba-
sisstation, wenn die veranlasste erste BSR aufge-
hoben wird.

6. Benutzergerät nach Anspruch 4,
wobei der Prozessor ferner konfiguriert ist, die ver-
anlasste zweite BSR für die zweite Basisstation nicht
aufzuheben, wenn die veranlasste erste BSR auf-
gehoben wird.

Revendications

1. Procédé pour un équipement utilisateur, UE, fonc-
tionnant en double connectivité avec une porteuse
divisée connecté à une première station de base et
une deuxième station de base dans un système de
communication sans fil, le procédé comprenant :

la réception (S1501) de données en liaison mon-
tante, UL, depuis une couche supérieure ;
le déclenchement (S1503) d’un premier rapport
de statut de tampon, BSR, pour la première sta-
tion de base et d’un deuxième BSR pour la
deuxième station de base lorsqu’une quantité
des données UL est au-dessus d’un seuil ;
la transmission (S1505), à la deuxième station
de base, d’au moins une partie des données UL
en utilisant une attribution d’UL reçue de la
deuxième station de base ; et
l’annulation (S1507) du premier BSR déclenché
lorsqu’une quantité de données disponibles
pour transmission devant être transmises à la
première station de base passe à zéro après la
transmission de l’au moins une partie des don-
nées UL, même si une attribution d’UL en ré-
ponse au BSR déclenché n’est pas reçue de la
première station de base,
dans lequel, lorsqu’une quantité de données
restantes disponibles pour transmission dans
une entité de protocole de convergence de don-
nées par paquets, PDCP, est inférieure au seuil

27 28 



EP 3 320 715 B1

16

5

10

15

20

25

30

35

40

45

50

55

après la transmission de l’au moins une partie
des données UL et lorsqu’une quantité de don-
nées disponibles pour transmission dans une
entité de commande de liaison radio, RLC, con-
figurée pour la première station de base est zé-
ro, la quantité des données disponibles pour
transmission devant être transmises à la pre-
mière station de base est passée à zéro.

2. Procédé selon la revendication 1, comprenant en
outre :
l’annulation de tous les BSR déclenchés pour la pre-
mière station de base lorsque le premier BSR dé-
clenché est annulé.

3. Procédé selon la revendication 1,
dans lequel le deuxième BSR déclenché pour la
deuxième station de base n’est pas annulé lorsque
le premier BSR déclenché est annulé.

4. Équipement utilisateur, UE, pour fonctionner en dou-
ble connectivité avec une porteuse divisée connecté
à une première station de base et une deuxième
station de base dans un système de communication
sans fil, l’UE comprenant :

un module en radiofréquence, RF, (135) ; et
un processeur (110) opérationnellement couplé
avec le module RF et configuré pour :

recevoir des données en liaison montante,
UL, depuis une couche supérieure ;
déclencher un premier rapport de statut de
tampon, BSR, pour la première station de
base et un deuxième BSR pour la deuxième
station de base lorsqu’une quantité des
données UL est au-dessus d’un seuil ;
transmettre, à la deuxième station de base,
au moins une partie des données UL en uti-
lisant une attribution d’UL reçue de la
deuxième station de base ; et
annuler le premier BSR déclenché lors-
qu’une quantité de données disponibles
pour transmission devant être transmises à
la première station de base passe à zéro
après la transmission de l’au moins une par-
tie des données UL, même si une attribution
d’UL en réponse au BSR déclenché n’est
pas reçue de la première station de base,
dans lequel, lorsqu’une quantité de don-
nées restantes disponibles pour transmis-
sion dans une entité de protocole de con-
vergence de données par paquets, PDCP,
est inférieure au seuil après la transmission
de l’au moins une partie des données UL et
lorsqu’une quantité de données disponibles
pour transmission dans une entité de com-
mande de liaison radio, RLC, configurée

pour la première station de base est zéro,
la quantité des données disponibles pour
transmission devant être transmises à la
première station de base est passée à zéro.

5. Équipement utilisateur selon la revendication 4,
dans lequel le processeur est en outre configuré
pour :
annuler tous les BSR déclenchés pour la première
station de base lorsque le premier BSR déclenché
est annulé.

6. Équipement utilisateur selon la revendication 4,
dans lequel le processeur est en outre configuré pour
ne pas annuler le deuxième BSR déclenché pour la
deuxième station de base lorsque le premier BSR
déclenché est annulé.
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