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(57) Abstract: A method and an apparatus for assigning
data to split bearers in dual connectivity is provided. The
apparatus includes a master evolved Node B (MeNB) of a
user equipment (UE) configured to receive information of
available buffer decided and transmitted by a secondary
eNB (SeNB) through an X2 interface between the MeNB
and the SeNB, determine whether the information is
about available buffer for a UE or for an evolved radio
access bearer (E-RAB) established on the SeNB based on
an indicator in the information or a bearer that transpor-
ted the information, and adjust the amount of data as-
signed to the SeNB according to the information of the
available buffer. The apparatus can accommodate eNBs
implemented in various manners, make full use of the
bandwidth of data bearers, and reduce delay in data trans-
mission.
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Description
Title of Invention: METHOD AND APPARATUS FOR
ASSIGNING DATA TO SPLIT BEARERS IN DUAL CON-

NECTIVITY
Technical Field

The present disclosure relates to wireless communications. More particularly, the
present disclosure relates to a method and an apparatus for assigning data to split

bearers in dual connectivity.

Background Art
Modern mobile communications are tending to provide high speed transmission of
multimedia services for users.
FIG. 1 is a schematic diagram illustrating a structure of a system architecture
evolution (SAE) system according to the related art.

Referring to FIG. 1, in the system, a user equipment (UE) 101 is a terminal device

which receives data. An evolved universal terrestrial radio access network (E-UTRAN)

102 is a wireless access network which includes evolved Node Bs (eNBs)/NBs which

provide UEs with interfaces for accessing the wireless network. A mobility

management entity (MME) 103 manages mobility context, session context and security

information of UEs. A service gateway (SGW) 104 provides user plane functions. The

MME 103 and SGW 104 may reside in the same physical entity. A packet data
network (PDN) gateway (PGW) 105 implements functions including accounting,
lawful interception and so on, and may reside in the same physical entity with SGW
104. A policy and charging rule functions (PCRF) 106 provides quality of service
(QoS) policies and charging rules. A serving general packet radio service (GPRS)
support node (SGSN) 108 is a network node device providing routing for data
transmission in the universal mobile telecommunications system (UMTS). A home

subscriber server (HSS) 109 is a home sub system of the UE, and maintains user in-

formation including a current location of the UE, the address of the serving node, user

security information, packet data context of the UE, and so on.

In long term evolution (LTE) systems of the related art, each cell supports a

maximum bandwidth of 20MHz. LTE-advanced systems adopt carrier convergence to

increase peak data rate of UEs. With the carrier convergence technique, a UE may at

the same time communicate with multiple cells that are working at different carrier fre-

quencies under the control of one eNB, which provides a maximum transmission
bandwidth of 100MHz, therefore uplink/downlink peak data rate can be increased by

several times.
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In order to increase the transmission bandwidth, multiple cells may provide service
for the same UE. The multiple cells may from the same eNB or from different eNBs.
The technique is referred to as carrier aggregation, or dual connectivity.

FIG. 2 is a schematic diagram illustrating a cross-eNB carrier convergence
mechanism according to the related art.

Referring to FIG. 2, for a UE working under carrier aggregation, aggregated cells
includes a primary cell (PCell) and at least one secondary cell (SCell). There is only
one PCell, and the PCell is always activated. The PCell can only be changed through a
handover process, and NAS information is only transmitted and received by the UE
through the PCell. Physical uplink control channel (PUCCH) can only be transmitted
by the PCell. The PCell and the SCell may from different eNBs. The eNB to which the
PCell belongs is referred to as a master eNB (MeNB), and the eNB to which the SCell
belongs is referred to as a Secondary eNB (SeNB). The MeNB and the SeNB are
connected with each other through an X2 interface.

The dual connectivity mechanism provides two manners of establishing bearers. One
manner is referred to as split bearer, i.e., a data bearer from the core network to an
MeNB is split into two radio bearers which are respectively established on the MeNB
and an SeNB. The MeNB performs data splitting, and transmits data packets assigned
to the SeNB via the X2 interface to the SeNB. The UE receives downlink data simul-
taneously from the radio bearers on the MeNB and the SeNB. Regarding downlink
data, when an MeNB receives data from the core network, the MeNB performs data
encryption, and splits the data packets of packet data convergence protocol (PDCP) so
that one part of the data packets are transmitted to the UE via the radio bearer on the
MeNB while the other part of the data packets are transmitted to the UE via the radio
bearer on the SeNB. The MeNB decides the amount of data packets transmitted re-
spectively by the MeNB and the SeNB, i.e., deciding data packets that are to be
transmitted by the MeNB and data packets that are to be transmitted by the SeNB. A
properly decided proportion can effectively increase data throughput of the UE. An
improper proportion may cause delay in sequencing received data, which reduces data
throughput. Therefore, the SeNB is required to report information to the MeNB for the
MeNB to decide a proper data split ratio, i.e., deciding the amount of data packets to be
transmitted via the SeNB. The information may include the quality of the radio channel
between the SeNB and the UE, information about the capacity of available buffer in
the SeNB, and the like.

Currently, there is no specification as to whether the capacity of data buffer refers to
the capacity allocated for a UE or for a bearer. Buffer of different eNBs may be im-
plemented differently. Some manufacturers produce eNBs that allocate buffer

according to UEs, while other manufacturers produce eNBs that allocate buffer
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according to bearers. Therefore, there is no mechanism that can accommodate the dif-
ferences of eNBs and provide a flexible manner for reporting the information. The
present disclosure provide a method which can better adapt to different implementation
manners of eNBs produced by different device providers, effectively use data bearer
bandwidth, and reduce data transmission delay.

Disclosure of Invention

Technical Problem

Therefore, a need exists for a method and an apparatus for assigning data to split
bearers in dual connectivity which can better adapt to different implementation
manners of eNBs, effectively use data bearer bandwidth, and reduce data transmission
delay.

The above information is presented as background information only to assist with an
understanding of the present disclosure. No determination has been made, and no
assertion is made, as to whether any of the above might be applicable as prior art with
regard to the present disclosure.

Solution to Problem

Aspects of the present disclosure are to address at least the above-mentioned
problems and/or disadvantages and to provide at least the advantages described below.
Accordingly, an aspect of the present disclosure is to provide a method and an
apparatus for assigning data to split bearers in dual connectivity which can better adapt
to different implementation manners of eNBs, effectively use data bearer bandwidth,
and reduce data transmission delay.

In accordance with an aspect of the present disclosure, a method of assigning data to
split bearers in dual connectivity is provided. The method includes receiving, by a
master evolved Node B (MeNB) of a user equipment (UE) via an X2 interface between
the MeNB and a secondary eNB (SeNB), information of available buffer decided by
the SeNB, deciding the available buffer is available buffer for the UE or available
buffer for an enhanced radio access bearer (E-RAB) on the SeNB according to an
indicator in the information of the available buffer or according to a bearer that
transported the information of the available buffer, and adjusting, by the MeNB, the
amount of data assigned to the SeNB according to the received information of the
available buffer.

In accordance with another aspect of the present disclosure, a method of an MeNB
receiving information of an available buffer is provided. The method includes
receiving, by the MeNB via a user data bearer on the X2 interface, the information of
the available buffer transmitted by the SeNB which includes the indicator specifying

whether the information is about available buffer for a UE or about available buffer for
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an enhanced radio access bearer (E-RAB) on the SeNB.

In accordance with another aspect of the present disclosure, a method of an MeNB
receiving information of an available buffer is provided. The method includes
receiving, by the MeNB, the information of the available buffer via a UE uplink tunnel
established on the X2 interface or via a user data bearer corresponding to the E-RAB
established on the X2 interface.

In accordance with another aspect of the present disclosure, a method of deciding the
available buffer is available buffer for the UE or available buffer for an E-RAB on the
SeNB according to a bearer that transported the information of the available buffer is
provided. The method includes deciding the available buffer is available buffer for a
UE if the information of the available buffer is received from the UE uplink tunnel and
deciding the available buffer is available buffer for the E-RAB if the information of the
available buffer is received from a user data bearer corresponding to the E-RAB.

According to an embodiment of the present disclosure, the UE uplink tunnel is es-
tablished during establishment of the SeNB.

According to an embodiment of the present disclosure, the MeNB informs the SeNB
of a tunnel identifier (ID) of the UE uplink tunnel by transmitting an add SeNB request
including information of the UE uplink tunnel to the SeNB.

According to an embodiment of the present disclosure, the method of the MeNB
receiving the information of the available buffer may include receiving, by the MeNB,
the information of the available buffer from a user data bearer on the X2 interface;

In accordance with another aspect of the present disclosure, an indicator in the in-
formation of the available buffer is provided. The indicator includes capabilities in-
formation of the SeNB transmitted to the MeNB in advance by the SeNB or configured
in the MeNB in advance for specifying whether the information of the available buffer
transmitted by the SeNB is for the UE or for the E-RAB.

According to an embodiment of the present disclosure, the SeNB transmitted the ca-
pabilities information of the SeNB during the SeNB or the X2 interface was es-
tablished.

According to an embodiment of the present disclosure, the information of the
available buffer is transmitted in a general packet radio service tunneling protocol user
(GTP-U) packet header or in a data packet transmitted in an uplink data tunnel of the
user data bearer or in the UE uplink tunnel.

According to an embodiment of the present disclosure, when the SeNB determining
the information of currently available buffer, the available buffer for the UE is de-
termined according to the amount of data packets currently in the buffer reserved for
the UE and/or the quality of the radio interface between the UE and the SeNB; and/or

the available buffer for the E-RAB is determined according to the amount of data
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packets currently in the buffer reserved for the E-RAB and/or the quality of the radio

interface between the UE and the SeNB.
According to an embodiment of the present disclosure, the MeNB may adjust the

amount of data assigned to the SeNB according to the size of the available buffer if the
information of the available buffer is the available buffer for the E-RAB; and/or the
MeNB may adjust the amount of data assigned to each E-RAB on the SeNB according
to quality of service (QoS) and/or priority level of each E-RAB when at least two E-
RABSs have been established on the SeNB if the information of the available buffer is
for the UE.

In accordance with another aspect of the present disclosure, an apparatus for
assigning data to split bearers in dual connectivity is provided. The apparatus includes
an available buffer deciding module and a data assigning module, the available buffer
deciding module is configured for receiving information of available buffer decided
and transmitted by an SeNB via an X2 interface to the SeNB, and deciding whether the
information is about available buffer for a UE or about an E-RAB on the SeNB
according to an indicator in the information of the available buffer or according to a
bearer that transported the information of the available buffer, and the data assigning
module is configured for adjusting the amount of data assigned to the SeNB according

to the received information of the available buffer.

Advantageous Effects of Invention

The above technical mechanism provide multiple possible report manners for
operators, support eNBs provided by different device producers, is adaptable to eNBs
implemented in different manners, can effectively use bandwidth of data bearers, and
reduce delay in data transmission.

Other aspects, advantages, and salient features of the disclosure will become apparent
to those skilled in the art from the following detailed description, which, taken in con-
junction with the annexed drawings, discloses various embodiments of the present
disclosure.

Brief Description of Drawings

The above and other aspects, features, and advantages of certain embodiments of the
present disclosure will be more apparent from the following description taken in con-
junction with the accompanying drawings, in which:

FIG. 1 is a schematic diagram illustrating a structure of a system architecture
evolution (SAE) system according to the related art;

FIG. 2 is a schematic diagram illustrating a cross-evolved node B (eNB) carrier con-

vergence mechanism according to the related art;
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FIG. 3 is a flowchart illustrating a method of assigning data according to an em-

bodiment of the present disclosure;
FIG. 4 is a flowchart illustrating a method of adjusting assigned data according to an

embodiment of the present disclosure;

FIG. 5 is a schematic diagram illustrating a data format according to an embodiment
of the present disclosure;

FIG. 6 is a flowchart illustrating a method of adjusting assigned data according to an
embodiment of the present disclosure;

FIG. 7 is a flowchart illustrating a method of adjusting assigned data according to an
embodiment of the present disclosure;

FIG. 8 is a schematic diagram illustrating modules of an apparatus for assigning data
according to an embodiment of the present disclosure;

FIG. 9 is a schematic diagram illustrating a report of data transmission status
according to an embodiment of the present disclosure; and

FIG. 10 is a schematic diagram illustrating serial numbers of X2 transmissions and
packet data convergence protocol (PDCP) packets according to an embodiment of the
present disclosure.

The same reference numerals are used to represent the same elements throughout the
drawings.
Mode for the Invention

The following description with reference to the accompanying drawings is provided
to assist in a comprehensive understanding of various embodiments of the present
disclosure as defined by the claims and their equivalents. It includes various specific
details to assist in that understanding but these are to be regarded as merely exemplary.
Accordingly, those of ordinary skill in the art will recognize that various changes and
modifications of the various embodiments described herein can be made without
departing from the scope and spirit of the present disclosure. In addition, descriptions
of well-known functions and constructions may be omitted for clarity and conciseness.

The terms and words used in the following description and claims are not limited to
the bibliographical meanings, but, are merely used by the inventor to enable a clear and
consistent understanding of the present disclosure. Accordingly, it should be apparent
to those skilled in the art that the following description of various embodiments of the
present disclosure is provided for illustration purpose only and not for the purpose of
limiting the present disclosure as defined by the appended claims and their equivalents.

It is to be understood that the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus, for example, reference to

“a component surface” includes reference to one or more of such surfaces.
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By the term ““substantially” it is meant that the recited characteristic, parameter, or
value need not be achieved exactly, but that deviations or variations, including for
example, tolerances, measurement error, measurement accuracy limitations and other
factors known to those of skill in the art, may occur in amounts that do not preclude the
effect the characteristic was intended to provide.

The method of reporting secondary evolved Node B (SeNB) buffer of various
examples of the present disclosure provides multiple possible report manners for
operators, supports eNBs produced by different device producers, is adaptable to
different implementations of eNBs, can effectively use bandwidth of data bearers, and
reduce delay in data transmission. A detailed description of the present disclosure is
provided hereinafter with reference to the some embodiments of the present disclosure.

FIG. 3 is a flowchart illustrating a method of assigning data according to an em-
bodiment of the present disclosure.

Referring to FIG. 3, the method may include the following operations.

At operation 301, a master eNB (MeNB) of a user equipment (UE) receives in-
formation of available buffer decided and transmitted by an SeNB via an X2 interface
between the MeNB and the SeNB.

At operation 302, the MeNB may determine whether the information of the available
buffer is about available buffer for a UE or about available buffer for an evolved radio
access bearer (E-RAB) established on the SeNB according to an indicator in the in-
formation of the available buffer or according to a bearer that transported the in-
formation.

As mentioned above, since eNBs may be implemented in different manners, some
eNBs allocate buffer for UEs while other eNBs allocate buffer for bearers. Therefore,
the MeNB needs to determine whether the information of the available buffer received
is for a UE or for an E-RAB. Various examples provide two manners of making the
determination. According to one manner, an indicator is used for specifying the type of
the available buffer. The indicator may be transmitted by the SeNB to the MeNB, or
may be configured in the MeNB. According to the other manner, the type of the
available buffer is decided based on the position of the bearer that transported the in-
formation of the available buffer.

At operation 303, the MeNB adjusts the amount of data assigned to the SeNB
according to the received information of the available buffer.

After making a determination as to whether the information of the available buffer is
about available buffer for a UE or for an E-RAB in operation 302, the MeNB may
decide the amount of data assigned to the SeNB when splitting bearers according to the
available buffer.

Then the above process is terminated. According to the mechanism, the MeNB can
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accommodate SeNBs implemented in different manners, determine whether the
available buffer is for a UE or for an E-RAB, and adjust the amount of data assigned to
the SeNB. Therefore, bandwidth of data bearers can be used effectively, and delay in
data transmission is also reduced.

The method is described further in the following with reference to three examples.
To simplify description, only interactions between an MeNB and an SeNB are
described.

Example 1:

In this example, an MeNB established a long term evolution (LTE) RAB of a service
on the MeNB and an SeNB, i.e., using the split bearer manner. A user data bearer cor-
responding to the E-RAB needs to be established on an X2 interface. The user data
bearer includes an uplink/downlink data tunnel. The MeNB splits downlink packet data
convergence protocol (PDCP) data packets to have some data packets transmitted to
the UE by the MeNB and other data packets transmitted via the X2 interface to the
SeNB which then transmits the data packets to the UE. The user data bearer on the X2
interface is used for transmitting both user plane PDCP data packets and information
for user traffic flow control which includes information of available buffer decided by
the SeNB. This example describes a method of the SeNB reporting information of the
buffer to the MeNB via an uplink data tunnel.

FIG. 4 is a flowchart illustrating a method of adjusting assigned data according to an
embodiment of the present disclosure.

Referring to FIG. 4, the process may include the following operations.

At operation 401, an SeNB transmits information of decided available buffer to an
MeNB.

The information of the available buffer is transmitted in an uplink data tunnel in a
user data bearer corresponding to an E-RAB. The information may be transmitted
alone or together with a data packet. The uplink data tunnel is established during a
process of adding or modifying the SeNB. The process may include the MeNB
transmitting an add/modify SeNB request which includes information of the quality of
a radio data bearer, an Internet protocol (IP) address and a tunnel identifier (ID) for
uplink data reception, information of capabilities of a UE, configuration information of
resources on the MeNB, and the like. The SeNB may transmit to the MeNB a response
which includes configuration information of the radio data bearer, an IP address and a
tunnel ID for downlink data reception, and the like. The information of the available
buffer of the SeNB is transmitted to the MeNB via the established uplink data tunnel.

The information of the available buffer may be transmitted in the header or the data
packet field of a general packet radio service tunneling protocol user (GTP-U) packet

through the uplink data tunnel. The information of the available buffer specifies buffer
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available in the SeNB in units of bit or Byte. The bigger the available buffer, the more
data the SeNB can receive, i.e., the MeNB can assign more data to the SeNB. The
available buffer may refer to available buffer for an E-RAB, i.e., available buffer
allocated to the E-RAB, and information of the available buffer is transmitted to the
MeNB via an uplink data tunnel of the E-RAB. Alternatively, the available buffer may
refer to available buffer for a UE, i.e., available buffer allocated to all of bearers es-
tablished on the SeNB for a UE, and information of the available buffer is transmitted
to the MeNB via an uplink data tunnel of one of the bearers, or the same information
may be transmitted in uplink data tunnels of all the bearers to the MeNB. The in-
formation may be as shown in FIG. 5.

FIG. 5 is a schematic diagram illustrating a data format according to an embodiment
of the present disclosure.

Referring to FIG. 5, information of available buffer of an SeNB may be specified
using § bits or data of another length. The most significant bit specifies whether the
buffer is for a UE or for an E-RAB. For example, a value of “1” indicates the in-
formation is about available buffer for a UE, and a value of “0” indicates the in-
formation is about available buffer for an E-RAB. Subsequent 7 bits shown in FIG. 5
indicate the number of bits of the available buffer. Alternatively, the indicator may be
placed in the reserved bit next to the packet data unit (PDU) type. The one bit indicates
whether the available buffer is for an E-RAB or for all of E-RABEs, i.e., for the UE. For
example, a reserved bit is used for indicating whether there is the buffer for the UE.
The bit set to 1 indicates the format as shown in FIG. 5 includes information of buffer
for the UE, and the bit set to O indicates the format as shown in FIG. 5 does not include
information of the buffer for the UE. Another reserved bit is used for indicating
whether there is the buffer for the E-RAB. The bit set to 1 indicates the format as
shown in FIG. 5 includes information of buffer for the E-RAB, and the bit set to 0
indicates the format as shown in FIG. 5 does not include information of the buffer for
the E-RAB. If both types of buffers are configured in the format, the order of the in-
dicators and the order of the two buffer formats needs to be specified. For example,
buffer information of the E-RAB may precede buffer information of the UE, and the
indicators arranged in the same order.

The size of the available buffer for a UE may be determined based on the number of
packets buffered in the buffer reserved for the UE (i.e., the number of packets currently
in the buffer reserved for the UE). The more the data packets are, the less the available
buffer is. This is because the SeNB needs to first transmit out the already buffered data
packets. The more data packets buffered, the less data packets the SeNB expect to
receive.

The SeNB may also decide the size of the available buffer for a UE based on the
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quality of a radio interface between the UE and the SeNB. In an example, the SeNB
may receive a quality report of the radio interface from the UE. If the radio interface is
of poor quality, the SeNB may expect to receive not many data packets even if the
available buffer is large. Due to reasons of quality control, the data packets cannot
reach the UE within a short time.

The SeNB may decide the size of available buffer for an E-RAB according to the
number of packets buffered in the reserved buffer (i.e., the number of data packets
currently in the buffer reserved for the E-RAB), or according to the quality of a radio
interface between the UE and the SeNB.

At operation 402, the MeNB adjusts the amount of data assigned to the SeNB.

The MeNB may use the information of the available buffer transmitted by the SeNB
together with other information. For example, the SeNB may also report information of
PDCP data packets that have been transmitted to the UE successfully, and the MeNB
may delete the data packets from the buffer in the MeNB. The MeNB may decide the
amount of data assigned to the SeNB according to the size of the buffer for the user in
the SeNB and the amount of data stored in the MeNB. In an example, if the available
buffer is relatively small, the MeNB may reduce the amount of data assigned to the
SeNB; and if the available buffer is relatively large, the MeNB may increase the
amount of data assigned to the SeNB.

If the available buffer is for a UE and plural bearers have been established on the
SeNB, the MeNB may decide the bearer on which the amount of data is to be adjusted,
i.e., the bearer whose split ratio is to be adjusted, according to the quality of service
(QoS) and the priority level of the E-RAB.

Example 2:

Example 1 describes transmitting buffer information to an MeNB via a user data
bearer on an X2 interface. Example 2 describes a mechanism in which an MeNB does
not know the implementation method of an SeNB, and a user plane is established for
an X2 interface when a split bearer is established. The user plane is for transmitting
buffer information for a UE, and is not associated with any E-RAB. If the SeNB
allocates buffer according to UEs, information of the size of available buffer is
transmitted via the user plane. If the SeNB allocates buffer according to bearers, the in-
formation of the size of available buffer is transmitted via a user data plane corre-
sponding to an E-RAB on the X2 interface.

FIG. 6 is a flowchart illustrating a method of adjusting assigned data according to an
embodiment of the present disclosure.

Referring to FIG. 6, the process may include the following operations.

At operation 601, an MeNB transmits an add SeNB request to an SeNB.

The MeNB decides to request the SeNB to establish radio resources for an E-RAB of
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a UE. The message also results in generation of UE context in the SeNB. The message
may include information, such as information of the E-RAB, e.g., an identifier of the
E-RAB, an identifier of the radio resources, quality information, information of an
uplink data tunnel including an IP address and a tunnel ID on the user plane, in-
formation of capabilities of the UE, resource configuration information in the MeNB,
and the like. The message may also include information of a UE uplink tunnel. The UE
uplink tunnel is not associated with the E-RAB, may include an IP address and a tunnel
ID, or only include the tunnel ID. The UE uplink tunnel is used for receiving the in-
formation of the size of available buffer allocated by the SeNB for the UE.

At operation 602, the SeNB transmits an add SeNB response to the MeNB.

The response transmitted by the SeNB to the MeNB may include configuration in-
formation and a radio resource control (RRC) container of a radio bearer that has been
successfully established, and an IP address and a tunnel ID for downlink data reception
of the bearer.

At operation 603, the MeNB transmits a modify SeNB request to the SeNB.

The MeNB decides to request the SeNB to establish radio resources for a second E-
RAB of the UE. The request may include information of the second E-RAB, e.g., an
identifier of the E-RAB, an identity of the radio resources, quality information. The
request may also include an IP address and a tunnel ID for uplink data reception, in-
formation of capabilities of the UE, resource configuration information in the MeNB,
and the like.

At operation 604, the SeNB transmits a modified SeNB response to the MeNB.

The response transmitted by the SeNB to the MeNB may include configuration in-
formation and an RRC container of a radio bearer that has been successfully es-
tablished, and an IP address and a tunnel ID for downlink data reception of the bearer.

At operation 605, the SeNB transmits buffer information to the MeNB.

If the buffer of the SeNB is allocated for an E-RAB, the information of the available
buffer is transmitted through an uplink data tunnel in a user data bearer corresponding
to the E-RAB. The information may be transmitted alone or together with a data
packet. The uplink data tunnel is established during an add/modify SeNB process. The
information of the available buffer of the SeNB is transmitted to the MeNB via the es-
tablished uplink data tunnel.

If the buffer is allocated by the SeNB for the UE, the information of the available
buffer is transmitted through a UE uplink tunnel. The UE uplink tunnel is established
during the process of establishing the SeNB.

The information of the available buffer may be transmitted in the header or the data
packet field of a GTP-U packet through the uplink tunnel. The uplink tunnel may be

the UE uplink tunnel or the uplink data tunnel in the user data bearer.
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The SeNB may adopt the same manner as in Example 1 for deciding the size of the
available buffer.

In an example, the size of the available buffer for a UE may be determined based on
the number of packets buffered in the buffer reserved for the UE (i.e., the number of
packets currently in the buffer reserved for the UE). The more the data packets are, the
less the available buffer is. This is because the SeNB needs to first transmit out the
already buffered data packets. The more data packets buffered, the less data packets
the SeNB expect to receive.

The SeNB may also decide the size of the available buffer for a UE based on the
quality of a radio interface between the UE and the SeNB. In an example, the SeNB
may receive a quality report of the radio interface from the UE. If the radio interface is
of poor quality, the SeNB may expect to receive not many data packets even if the
available buffer is large. Due to reasons of quality control, the data packets cannot
reach the UE in a short time.

The SeNB may decide the size of available buffer for an E-RAB according to the
number of packets buffered in the reserved buffer (i.e., the number of data packets
currently in the buffer reserved for the E-RAB), or according to the quality of a radio
interface between the UE and the SeNB.

At operation 606, the MeNB adjusts the amount of data assigned to the SeNB.

The MeNB may use the information of the available buffer transmitted by the SeNB
together with other information. For example, the SeNB may also report information of
PDCP data packets that have been transmitted to the UE successfully, and the MeNB
may delete the data packets from the buffer in the MeNB. The MeNB may decide the
amount of data assigned to the SeNB according to the size of the buffer for the user in
the SeNB and the amount of data stored in the MeNB. In an example, if the available
buffer is relatively small, the MeNB may reduce the amount of data assigned to the
SeNB; and if the available buffer is relatively large, the MeNB may increase the
amount of data assigned to the SeNB.

If the available buffer is for a UE and plural bearers have been established on the
SeNB, the MeNB decides a bearer for which the amount of data is to be adjusted, i.e.,
the bearer whose split ratio is to be adjusted, according to the QoS and the priority
level of the E-RAB.

Hence, the process of the example is completed. In this example, a UE uplink tunnel
is established on the X2 interface for transmitting information of available buffer for
the UE. The UE uplink tunnel is established during the process of establishing the
SeNB. In other examples, the UE uplink tunnel may be established in other processes,
or established in an individual process.

Example 3:
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According to Example 3, an SeNB informs an MeNB of whether the available buffer
in the SeNB is for an UE or for an E-RAB. Thus, the MeNB knows the implementation
method of the SeNB before receiving the information of available buffer. Information
of the size of available buffer in the SeNB is transmitted through a data plane corre-
sponding to the E-RAB on an X2 interface. Since the MeNB knows the method
adopted by the SeNB, the MeNB knows the buffer information is for the UE or for the
bearer.

FIG. 7 is a flowchart illustrating a method of adjusting assigned data according to an
embodiment of the present disclosure.

Referring to FIG. 7, the process may include the following operations.

At operation 701, an MeNB transmits an add SeNB request to an SeNB.

The MeNB decides to request the SeNB to establish radio resources for an E-RAB of
a UE. The message also results in generation of UE context in the SeNB. The message
may include information, such as information of the E-RAB, e.g., an identifier of the
E-RAB, an identifier of the radio resources, quality information, information of an
uplink data tunnel, an IP address and a tunnel ID on the user plane, information of ca-
pabilities of the UE, resource configuration information in the MeNB, and the like.

At operation 702, the SeNB transmits an add SeNB response to the MeNB.

The response transmitted by the SeNB to the MeNB may include configuration in-
formation and an RRC container of a radio bearer that has been successfully es-
tablished, and an IP address and a tunnel ID for downlink data reception of the bearer.
The response may also include information of capabilities of the SeNB which specifies
whether the information of available buffer is for the UE or for an E-RAB.

The information may also be transmitted during the establishment of the X2 interface
between the MeNB and the SeNB. The MeNB transmits an X2 setup request, and the
SeNB transmits an X2 setup response to the MeNB. The X2 setup response may
include the information of capabilities of the SeNB which indicates whether reports of
buffer information are for the UE or for an E-RAB. Alternatively, the SeNB may
transmit an X2 setup request to the MeNB, and the X2 setup response may include the
information of capabilities of the SeNB which indicates whether reports of buffer in-
formation are for the UE or for an E-RAB.

In another example, the capability information may be configured in the MeNB in
advance. The MeNB may get information on whether reports from the SeNB regarding
available buffer are for the UE or for an E-RAB from OAM configuration information
received in advance.

At operation 703, the SeNB transmits buffer information to the MeNB.

The buffer information is transmitted via an uplink data tunnel. The buffer in-

formation may be transmitted together with a data packet or transmitted individually.
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The uplink data tunnel is established during an add/modify SeNB process. The buffer
information of the SeNB is transmitted to the MeNB via the established uplink data
tunnel.

The information of available buffer may be transmitted in the header or the data
packet field of a GTP-U packet through the uplink data tunnel.

The SeNB may adopt the same manner as in Example 1 for deciding the size of the
available buffer.

The size of the available buffer for a UE may be determined based on the number of
packets buffered in the buffer reserved for the UE (i.e., the number of packets currently
in the buffer reserved for the UE). The more the data packets are, the less the available
buffer is. This is because the SeNB needs to first transmit out the already buffered data
packets. The more data packets already buffered, the less data packets the SeNB
expects to receive.

The SeNB may also decide the size of the available buffer for a UE based on the
quality of a radio interface between the UE and the SeNB. In an example, the SeNB
may receive a quality report of the radio interface from the UE. If the radio interface is
of poor quality, the SeNB may expect to receive not many data packets even if the
available buffer is large. Due to reasons of quality control, the data packets cannot
reach the UE in a short time.

The SeNB may decide the size of available buffer for an E-RAB according to the
number of packets buffered in the reserved buffer (i.e., the number of data packets
currently in the buffer reserved for the E-RAB), or according to the quality of a radio
interface between the UE and the SeNB.

At operation 704, the MeNB adjusts the amount of data assigned to the SeNB.

The MeNB may use the information of the available buffer transmitted by the SeNB
together with other information. For example, the SeNB may also report information of
PDCP data packets that have been transmitted to the UE successfully, and the MeNB
may delete the data packets from the buffer in the MeNB. The MeNB may decide the
amount of data assigned to the SeNB according to the size of the buffer for the user in
the SeNB and the amount of data stored in the MeNB. In an example, if the available
buffer is relatively small, the MeNB may reduce the amount of data assigned to the
SeNB; and if the available buffer is relatively large, the MeNB may increase the
amount of data assigned to the SeNB.

If the available buffer is for a UE and plural bearers have been established on the
SeNB, the MeNB decides the bearer on which the amount of data is to be adjusted, i.e.,
the bearer whose split ratio is to be adjusted, according to the QoS and the priority
level of the E-RAB.

Hence, the process of the example is completed.
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the X2 interface and the largest PDCP serial number of sequentially transmitted PDCP
packets when reporting the buffer information. The report is referred to as downlink
data transmission state report.

FIG. 9 is a schematic diagram illustrating a report of data transmission status
according to an embodiment of the present disclosure.

Referring to FIG. 9, the downlink data transmission state reported by the SeNB may
include the information of lost packets transmitted via the X2 interface and the largest
PDCP serial number of sequentially transmitted PDCP packets. The MeNB transmits
PDCP packets to the SeNB via the X2 interface. A serial number of the X2 interface,
referred to as X2 SN, is added to each of the PDCP packets by the MeNB. The X2 SN
is sequentially numbered. Each PDCP packet has a PDCP serial number (PDCP SN).
PDCP packets transmitted by the MeNB to the SeNB may have sequential or non-
sequential serial numbers.

FIG. 10 is a schematic diagram illustrating serial numbers of X2 transmissions and
PDCP packets according to an embodiment of the present disclosure.

Referring to FIG. 10, PDCP SN corresponding to X2 SN = {7, 8,9, 10, 11, 12} is
{1007, 1008, 1009, 1010, 1011, 1012}. According to mechanisms of the related art,
supposing an SeNB received packets whose X2 SN =7, 11, 12, the SeNB may
determine that packets whose X2 SN = {8, 9, 10} are lost in X2 transmission. The
SeNB may report the packet loss to the MeNB. The MeNB may adopt corresponding
measures, e.g., the MeNB may transmit the PDCP packets whose X2 SN = {8, 9, 10}
to the UE.

According to the mechanisms of the related art, suppose packets whose X2 SN = {7,
8,9, 10, 11, 12} were received by the SeNB, and the SeNB had started to transmit the
packets to the UE. PDCP packets whose X2 SN = {7, 8, 12} had been transmitted suc-
cessfully to the UE, and PDCP packets whose X2 SN = {9, 10, 11} had been
transmitted to the UE but were not successfully received by the UE thus the SeNB was
re-transmitting the PDCP packets. At that moment, the MeNB initiated a bearer release
process to delete the bearer from the SeNB. The SeNB needed to report the last data
transmission state to the MeNB. Since no packet was lost on the X2 interface, in the
report transmitted by the SeNB for the example as shown in FIG. 10 according to
mechanisms of the related art, the largest PDCP serial number of sequentially
transmitted PDCP packets is 1008, and the report does not include information of lost
packets transmitted via the X2 interface. The MeNB received the report, determined
that transmission of PDCP packets whose PDCP SN = {9, 10, 11, 12} has failed, and
would re-transmit PDCP packets whose PDCP SN = {9, 10, 11, 12} to the UE. But in
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fact, the PDCP packet whose PDCP SN = {12} had been transmitted successfully. The
re-transmission is unnecessary.

In order to address the issue, when the SeNB reports the last data transmission state
to the MeNB, the largest PDCP serial number of PDCP packets sequentially
transmitted is set to be the PDCP serial number of the last PDCP packet successfully
transmitted to the UE instead of the PDCP serial number of sequentially transmitted
PDCP packets, the information of lost packets transmitted over the X2 interface is set
to include information of lost packets on the X2 interface and information of packets
being re-transmitted by the SeNB. According to the example as shown in FIG. 10, the
largest PDCP serial number of packets successfully transmitted to the UE by the SeNB
is 1012. The SeNB reports information of PDCP packets that have not been suc-
cessfully transmitted to the UE at that moment, including X2 SN of packets lost on the
X2 interface and X2 SN of packets being re-transmitted (i.e., packets that have been
successfully received by the SeNB via X2 and have been transmitted to the UE but the
UE has not received thus are being re-transmitted), to the MeNB as information of lost
packets in the X2 interface.

For example, information of lost packet on the X2 interface in the last data
transmission state report includes information of packets that are being re-transmitted.

If the SeNB has both to-be-retransmitted packets and packets lost over the X2
interface when the bearer is to be released, information of the packets is reported to the
MeNB via information of lost packets transmitted over the X2 interface in the data
transmission state report.

The information of packets lost on the X2 interface are reported using a range
between serial numbers, i.e., using the serial number of the first lost packet and the
serial number of the last lost packet. In the example as shown in FIG. 10, if the serial
numbers of packets lost over the X2 interface are X2 SN = {9, 10, 11}, the information
of lost packets on the X2 interface is {8, 12}. The last data transmission state is
reported using the same manner. In the example as shown in FIG. 10, if serial numbers
of packets that are being re-transmitted are X2 SN = {9, 10, 11}, the information of
packets lost on the X2 interface in the last data transmission state is {8, 12}.

The above are several examples of the data assigning method of the present
disclosure. Various examples also provide an apparatus for assigning data to split
bearers in dual connectivity which can implement the method of various example.

FIG. 8 is a schematic diagram illustrating modules of an apparatus for assigning data
according to an embodiment of the present disclosure.

Referring to FIG. 8, the apparatus may include an available buffer deciding module
and a data amount assigning module.

The available buffer deciding module is configured for receiving information of
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available buffer decided and transmitted by an SeNB via an X2 interface, and deciding
whether the information is about available buffer for a UE or for an E-RAB established
on the SeNB according to an indicator in the information of the available buffer or
according to a bearer that transported the information of the available buffer. The data
assigning module is configured for adjusting the amount of data assigned to the SeNB
according to the received information of the available buffer.

[131] While the present disclosure has been shown and described with reference to various
embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the spirit and
scope of the present disclosure as defined by the appended claims and their

equivalents.
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Claims

A method of a first base station, the method comprising:

receiving information on an available buffer decided and sent by a
second base station via an X2 interface between the first base station
and the second base station; and

adjusting an amount of data to be assigned to the second base station
according to the information on the available buffer.

The method of claim 1, wherein the information on the available buffer
comprises information on an available buffer for an LTE radio access
bearer (E-RAB) and information on an available buffer for a terminal
which is connected with the first base station and the second base
station.

The method of claim 2, wherein the information on the available buffer
for the E-RAB precedes the information on the available buffer for the
terminal if the information on the available buffer is transmitted.

The method of claim 1, wherein information on PDCP data packets
successfully received by the second base station is transmitted from the
Second base station to the First base station with the information on the
available buffer.

The method of claim 4, further comprising:

deleting the PDCP data packets successfully received by the second
base station from a buffer of the first base station.

The method of claim 1, further comprising:

splitting downlink PDCP data packets to PDCP data packets
transmitted to the terminal by the first base station and PDCP data
packets transmitted to the terminal by the second base station;
transmitting the PDCP data packets transmitted to the terminal by the
second base station to the second base station.

The method of claim 1, wherein the information on the available buffer
is transmitted with a data packet.

A method of a second base station, the method comprising:

identifying an available buffer; and

transmitting the information on the available buffer to a first base
station via an X2 interface between the first base station and the second
base station.

The method of claim 8, wherein the information on the available buffer

comprises information on an available buffer for an LTE radio access
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bearer (E-RAB) and information on an available buffer for a terminal
which is connected with the first base station and the second base
station.

The method of claim 9, wherein the information on the available buffer
for the E-RAB precedes the information on the available buffer for the
terminal if the information on the available buffer is transmitted.

The method of claim 8, wherein information on PDCP data packets
successfully received by the second base station is transmitted from the
second base station to the first base station with the information on the
available buffer.

The method of claim 8, further comprising:

receiving PDCP data packets transmitted to the terminal by the second
base station from the first base station.

The method of claim 8, wherein the information on the available buffer
is transmitted with a data packet.

A first base station in a wireless communication system, the base
station comprising:

a transceiver to transmit and receive signals to and from the terminal
and a second base station; and

a controller configured to control the transceiver to receive information
on an available buffer decided and sent by the second base station via
an X2 interface between the first base station and the second base
station, and control to adjust an amount of data assigned to the second
base station according to the information on the available buffer.

The base station of claim 14, wherein the information on the available
buffer comprises information on an available buffer for an LTE radio
access bearer (E-RAB) and information on an available buffer for a
terminal which is connected with the first base station and the second
base station.

The base station of claim 15, wherein the information on the available
buffer for the E-RAB precedes the information on the available buffer
for the terminal if the information on the available buffer is transmitted.
The base station of claim 16, wherein information on PDCP data
packets successfully received by the second base station is transmitted
from the second base station to the the first base station with the in-
formation on the available buffer.

The base station of claim 17, wherein the controller is further

configured to control to delete the PDCP data packets successfully
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received by the second base station from a buffer of the first base
station.

The base station of claim 14, wherein the controller is further
configured to control to split downlink PDCP data packets to PDCP
data packets transmitted to the terminal by the first base station and
PDCP data packets transmitted to the terminal by the second base
station, and

transmit the PDCP data packets transmitted to the terminal by the
second base station to the second base station.

The base station of claim 14, wherein the information on the available
buffer is transmitted with a data packet.

A second base station in a wireless communication system, the base
station comprising:

a transceiver to transmit and receive signals to and from the terminal
and a first base station; and

a controller configured to control to identify an available buffer, and
control to the transceiver to transmit information on an available buffer
decided and sent by the second base station via an X2 interface
between the first base station and the second base station.

The base station of claim 21, wherein the information on the available
buffer comprises information on an available buffer for an LTE radio
access bearer (E-RAB) and information on an available buffer for a
terminal which is connected with the first base station and the second
base station.

The base station of claim 22, wherein the information on the available
buffer for the E-RAB precedes the information on the available buffer
for the terminal if the information on the available buffer is transmitted.
The base station of claim 21, wherein information on PDCP data
packets successfully received by the second base station is transmitted
from the second base station to the first base station with the in-
formation on the available buffer.

The base station of claim 21, wherein the controller is further
configured to control the transceiver to receive PDCP data packets
transmitted to the terminal by the second base station from the first
base station.

The base station of claim 21, wherein the information on the available

buffer is transmitted with a data packet.
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combined with one or more other such documents,such combination
being obvious to a person skilled in the art
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