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(57) Abstract: A method for secondary base station change is provided. The method for secondary base station change includes:
determining a target secondary base station by a master base station; and transmitting user plane data to a user equipment by the master
base station during a secondary base station change process within which the user equipment switches from a current secondary base
station to the target secondary base station. An apparatus for secondary base station change is also provided. In this way, the time of

a mobility interruption will be shorten.
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METHOD AND APPARATUS FOR SECONDARY BASE STATION

CHANGE

TECHNICAL FIELD
[0001] The present disclosure generally relates to communication technologies, and
in particular relate to a method and an apparatus for secondary base station change.

BACKGROUND

[0002] Due to limited bandwidth and coverage of a single base station, wireless
resource of a plurality of cells or base stations are concentrated to provide services for
users, ecasily meeting users’ capacity and coverage requirements, such as dual
connectivity. The dual connectivity may be applied for a heterogeneous network to
achieve different types of Radio Access Network (RAN), such as communication and
cooperation between a New Radio access technology (NR) and a Long Term
Evolution (LTE).
[0003] Only a base station, called as a master base station, manages the control
plane data which a user equipment (UE) working in the dual connectivity mode
requires in the prior art. Another eNodeB, known as a secondary base station, is
configured for providing extra resource. Only the secondary base station is
responsible for managing user plane data, which is known as a Secondary Cell Group
(SCG) bearer.
[0004] As the UE firstly breaks the connection with a current secondary base station,
and then initiates the random access procedure to establish connection with a target
secondary base station during a process in which secondary base station changes for
the SCG bearer, UE has no connections with any one secondary base station.
Therefore, during the process, the UE cannot receive the user plane data, which leads

to a mobility interruption.

SUMMARY
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[0005] Embodiments of the present disclosure provide a method and an apparatus
for secondary base station change, by which the mobility interruption which occurs
during a secondary base station change process of secondary base station under the
SCG bearer in prior art can be solved.

[0006] In accordance with a first aspect of the present application to solve the
above-mentioned problems, a method for secondary base station change is provided,
and the method comprising: determining a target secondary base station by a master
base staion; and transmitting user plane data to a user equipment by the master base
station during a secondary base station change process within which the user
equipment switches from a current secondary base station to the target secondary base
station.

[0007] In accordance with a second aspect of the present application to solve the
above-mentioned problems, a method for secondary base station change is provided,
the method comprising: determining a target secondary base station by a current
secondary base station; and transmitting at least a part of received user plane data of a
secondary cell group bearer to a master base station during a secondary base station
change process such that the master base station transmits the user plane data to a user
equipment during the secondary base station change process.

[0008] In accordance with a third aspect of the present application to solve the
above-mentioned problems, a method for secondary base station change is provided,
the method comprising: switching from a current secondary base station to a target
secondary base station by a user equipment and receiving user plane data from a
master base station during the secondary base station change process.

[0009] In accordance with a fourth aspect of the present application to solve the
above-mentioned problems, an apparatus for secondary base station change is
provided, comprising a processor and a communication circuit connected to the
processor, and the processor is configured for executing programs to perform any one
method provided in accordance with the first to aspects.

[0010] According to the method and apparatus for secondary base station change,

the subsequent advantages may be achieved: the master base station transmits user
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plane data to the UE during the secondary base station change process. As the master
base station maintains connected with the UE, the UE can still receive user plane data
from the master base station when the UE is not in a connection with any one
secondary base station, shortening the mobility interruption time.
[0011] Further, the master base station maintains to transmit user plane data to the
UE, which will avoid a mobility interruption.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] Fig. 1 is a flowchart illustrating a first embodiment of a method for
secondary base station change according to the present disclosure.
[0013] Fig. 2 is a flowchart illustrating a second embodiment of a method for
secondary base station change according to the present disclosure.
[0014] Fig. 3 is a flowchart illustrating a third embodiment of a method for
secondary base station change according to the present disclosure.
[0015] Fig. 4 is a flowchart illustrating a fourth embodiment of a method for
secondary base station change according to the present disclosure.
[0016] Fig. 5 is a flowchart illustrating a fifth embodiment of a method for
secondary base station change according to the present disclosure.
[0017] Fig. 6 is a schematic view illustrating a transmission path of user plane data
during the secondary base station change process according to the fifth embodiment
of the present disclosure.
[0018] Fig. 7 is a flowchart illustrating a sixth embodiment of a method for
secondary base station change according to the present disclosure.
[0019] Fig. 8 is a flowchart illustrating a seventh embodiment of a method for
secondary base station change according to the present disclosure.
[0020] Fig. 9 is a flowchart illustrating an eighth embodiment of a method for
secondary base station change according to the present disclosure.
[0021] Fig. 10 is a flowchart illustrating a ninth embodiment of a method for
secondary base station change according to the present disclosure.
[0022] Fig. 11 is a flowchart illustrating a tenth embodiment of a method for

secondary base station change according to the present disclosure.
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[0023] Fig. 12 is a flowchart illustrating an eleventh embodiment of a method for
secondary base station change according to the present disclosure.

[0024] Fig. 13 is a flowchart illustrating a twelfth embodiment of a method for
secondary base station change according to the present disclosure.

[0025] Fig. 14 is a flowchart illustrating a thirteenth embodiment of a method for
secondary base station change according to the present disclosure.

[0026] Fig. 15 is a flowchart illustrating a fourteenth embodiment of a method for
secondary base station change according to the present disclosure.

[0027] Fig. 16 is a structural schematic view illustrating a first embodiment of an
apparatus for secondary base station change according to the present disclosure.
[0028] Fig. 17 is a structural schematic view illustrating a second embodiment of an
apparatus for secondary base station change according to the present disclosure.
[0029] Fig. 18 is a structural diagram illustrating a third embodiment of an apparatus
for secondary base station change according to the present disclosure.

[0030] Fig. 19 is a structural diagram illustrating a fourth embodiment of an
apparatus for secondary base station change according to the present disclosure.
[0031] Fig. 20 is a structural diagram illustrating a fifth embodiment of an apparatus
for secondary base station change according to the present disclosure.

[0032] Fig. 21 is a structural diagram illustrating a sixth embodiment of an apparatus
for secondary base station change according to the present disclosure.

[0033] Fig. 22 is a structural diagram illustrating a seventh embodiment of an

apparatus for secondary base station change according to the present disclosure.

DETAILED DESCRIPTION
[0034] The technical solution of the embodiments of the present disclosure will be
described more clearly and completely with reference to the accompanying drawings.
[0035] The methods in the following embodiments which are non-conficting with
each other may be combined together.
[0036] Fig. 1 is a flowchart illustrating a first embodiment of a method for

secondary base station change according to the present disclosure. The execution
4



WO 2018/196083 PCT/CN2017/086122

subject of the method for secondary base station change in accordance with the first
embodiment may a base station, acting as a master base station in the dual
connectivity. The base station may be connected to a core network, and has a
wireless communication with a user equipment, providing communication coverage
of a corresponding region therefor. The base station may be a macro base station, a
micro base station, a pico base station or femtocell. In some embodiments, the base
station may be called as the wireless base station, access point, B node, long term B
node (eNodeB, eNB), gNB or other suitable terms. As is shown in Fig. 1, the method
for secondary base station change may include the following blocks.

[0037] In block S11, the master base station may determine a target secondary base
station.

[0038] The master base station manages all the radio resource control (RRC)
signalings and functions which are what UE requires, such as public wireless resource
allocation, dedicated wireless resource allocation, measurement and mobility
management, etc. The type of the master base station may be different from, or also
same with that of a secondary base station. For example, the master base station may
be a LTE master base station and the secondary base station may be a NR secondary
base station.

[0039] The secondary base station change may be initiated by the master base
station, and may also be initiated by the current secondary base station or the UE. The
master base station has many methods to determine the target secondary base station
according to different initiators of the secondary base station change, which will be
specifically elaborated in the following embodiments.

[0040] When the secondary base station change is initiated by the master base
station or the current secondary base station, the master base station generally sends a
handover signaling to the UE through a RRC re-allocation message after determining
the target secondary base station. The handover signaling may include information
of the target secondary base station. The UE breaks the connection with the current
secondary base station in response to the handover signaling, and then performs a

random access procedure to establish a connection with the target secondary base
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station. Thus the UE switches from the current secondary base station to the target
secondary base station.

[0041] When the secondary base station change is initiated by the UE, the master
base station / current secondary base station previously selects at least one candidate
base station for the UE, and the master basc station sends the information of the
candidate base stations and handover conditions to the UE. The UE determines
whether the quality of signals of the candidate base stations is met with the handover
conditions. The UE selects the target secondary base station from the candidate base
stations met with the handover conditions and switches from the current secondary
base station to the target secondary base station when the quality of signals is met
with the handover conditions.

[0042] In block S12, the master base station may transmit user plane data to the user
equipment during a secondary base station change process within which the user
equipment switches from the current secondary base station to the target secondary
base station.

[0043] The user plane data transmitted by the master base station to the UE may
include user plane data received by the master base station from the core network
and/or current secondary base station.

[0044] If the master base station only receives user plane data from the core network,
the bearer type of the user plane data changes from a secondary cell group (SCG, a
serving cell controlled by a secondary base station) bearer to a master cell group
bearer (MCG, a serving cell controlled by the master base station) or a master cell
group split (MCG split) bearer. For the MCG bearer, the master base station receives
user plane data from the core network and transmits the user plane data to the UE. For
the MCG bearer, the master base station receives user plane data from the core
network and forwards a part of the received user plane data to the secondary base
station, and both the master base station and the secondary base station transmit user
plane data to the UE.

[0045] If the master base station only receives user plane data from the current

secondary base station, that is to say, the user plane data transmitted during the
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secondary base station change process only comes from the current secondary base
station, the bearer type of the user plane data changes from a SCG bearer to a SCG
split bearer. For the SCG split bearer, the secondary base station receives user plane
data from the core network and forwards a part of the received user plane data to the
master base station, and both the master base station and the secondary base station
transmit user plane data to the UE.

[0046] The master base station keeps transmitting user plane data to the UE during
the whole secondary base station change process, avoiding a mobility interruption.
And the master base station also stops transmitting after the received user plane data
has been transmitted no matter whether the handover is completed.

[0047] The master base station may continue to transmit user plane data to the UE,
and may not modify the bearer type at this time, after the handover is completed. The
master base station may also stop transmitting user plane data to the UE and may
modify the bearer type as the SCG bearer, after the handover is completed.

[0048] With the implementation of the above embodiment, the master base station
transmits user plane data to the UE during the secondary base station change process.
As the master base station maintains connected with the UE, the UE can still receive
user plane data from the master base station when the UE is not in a connection with
any one secondary base station, shortening the time of a mobility interruption.

[0049] Referring to Fig. 2, the method for secondary base station change in a second
embodiment is based on that in the first embodiment. As shown in Fig. 2, the method
may further include the following blocks before the block S12.

[0050] In block S13, the master base station may send a first bearer type
reconfiguration instruction to the UE and the current secondary base station
respectively.

[0051] The first bearer type reconfiguration instruction may be configured for
indicating a bearer type to switch from a SCG bearer to a SCG split bearer. The first
bearer type reconfiguration instruction sent to the current secondary base station may
include a data-splitting ratio. The data-splitting ratio may be configured for indicating

a proportion of user plane data which is transmitted to the master base station by
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current secondary base station and occupies user plane data of the secondary cell
group bearer received thereby.

[0052] When the master base station / current secondary base station initiates the
secondary base station change, the master base station may send a handover signaling
to the UE at the same time when sending the first bearer type reconfiguration
instruction thereto. And the master base station may also send the handover signaling
to the UE before or after sending the first bearer type reconfiguration instruction
thereto.

[0053] In block S14, the master base station may receive a bearer type
reconfiguration complete message from the UE.

[0054] The UE sends the bearer type reconfiguration complete message to the
master base station after changing the bearer type of user plane data from the SCG
bearer to the SCG split bearer according to the first bearer type reconfiguration
instruction.

[0055] Referring to Fig. 3, the method for secondary base station change in a third
embodiment is based on that in the first embodiment. As shown in Fig. 3, the method
may further include the following blocks after the block S12.

[0056] In block S15, the master base station may send a second bearer type
reconfiguration instruction to the UE after the secondary base station change process
is completed.

[0057] The second bearer type reconfiguration instruction may be configured for
indicating the bearer type of user plane data to switch from the SCG split bearer to
SCG bearer. The basis on which the master base station determines that the
secondary base station change process is completed may be an end marker received
from the current secondary base station, a path switch confirming message received
from a mobility management entity (MME), or also be that the UE completes a
random access to the target secondary base station. If the master base station still has
un-transmitted user plane data at this time, the master base station may transmit the
un-transmitted user plane data to the target secondary base station.

[0058] What can be seen in the present embodiment, the master base station controls
8
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the UE to change the bearer type of user plane data from the SCG split bearer to the
SCG bearer after the secondary base station change process is completed, ensuring
that the master base station can transmit user plane data to the UE during the whole
secondary base station change process, and avoiding a mobility interruption.

[0059] Referring to Fig. 4, a method for secondary base station change according to
a fourth embodiment is based on that according to the first embodiment. As shown in
Fig. 4, the method in the fourth embodiment may include the following block after the
block S12.

[0060] In block S16, the master base station may send the second bearer type
reconfiguration instruction to the UE after the user plane data has been transmitted.
[0061] The second bearer type reconfiguration instruction may be configured for
indicating the bearer type to switch from the SCG split bearer to the SCG bearer.
The secondary base station change process may not be completed when the master
base station has transmitted the user plane data. As the UE may still not complete
the random access procedure to the target secondary base station when the block S16
is executed, there is a possibility that a mobility interruption occurs. However the time
of the mobility interruption is shorter compared with that in the prior art.

[0062] Referring to Fig. 5, a method for secondary base station change according to
a fifth embodiment is based on that according to the first embodiment. The master
base station initiates the secondary base station change, in which the same part as the
above embodiment will not be elaborated herein. As shown in Fig. 5, the method in
the fifth embodiment may include the following blocks.

[0063] In block S111, the master base station may send a secondary base station
change request to the target secondary base station.

[0064] In block S112, the target secondary base station may send a secondary base
station change request acknowledgment to the master base station.

[0065] In block S113, the master base station may send information of the target
secondary base station and the first bearer type reconfiguration instruction to the
current secondary base station.

[0066] In the present embodiment, the master base station simultaneously sends the
9
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information of the target secondary base station and the first bearer type
reconfiguration instruction. In other embodiments, the master base station may firstly
send the information of the target secondary base station and then send the first bearer
type reconfiguration instruction. Or the master base station may firstly send the first
bearer type reconfiguration instruction and then send the information of the target
secondary base station. The first bearer type reconfiguration instruction may include
a data-splitting ratio.

[0067] In block S114, the master base station may send a handover signaling and the
first bearer type reconfiguration instruction to the UE.

[0068] In the present embodiment, the master base station simultaneously sends the
handover signaling and the first bearer type reconfiguration instruction. In other
embodiments, the master base station may firstly send the witching signaling and then
send the first bearer type reconfiguration instruction. Or the master base station may
firstly send the first bearer type reconfiguration instruction and then send the
handover signaling.

[0069] In block S115, the current secondary base station may split the received user
plane data into two parts, one of which is transmitted to the master base station, the
other of which is forwarded to the target secondary base station.

[0070] The current secondary base station splits the received user plane data of a
secondary cell bearer according to the data-splitting ratio.

[0071] In block S116, the UE may send a connection reconfiguration complete
message and a bearer type reconfiguration complete message to the master base
station.

[0072] The UE breaks the connection with the current secondary base station, and
changes the bearer type for user plane data from the SCG bearer to SCG split bearer
in response to the first bearer type reconfiguration instruction, and then the block
S116 may be executed.

[0073] In the present embodiment, the UE simultancously sends the connection
reconfiguration complete message and the bearer type reconfiguration complete

message. In other embodiments, the UE may respectively send the connection
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reconfiguration complete message and the bearer type reconfiguration complete
message.

[0074] In block S117, the master base station may send a secondary base station
reconfiguration complete message to the target secondary base station.

[0075] In block S118, the UE may complete a random access to the target secondary
base station.

[0076] The UE may start to receive data from the target secondary base station as
the random access procedure has been completed. If the master base station may still
transmit user plane data to the UE, the UE may simultaneously receive user plane data
from the target secondary base station and the master base station.

[0077] In block S119, the master base station may send a path secondary base
station change request to MME.

[0078] MME is a network element of the core network, responsible for dealing with
control plane signalings.

[0079] In block S120, the MME may send a bearer change message to a serving
gateway (S-GW).

[0080] The S-GW is a network element of the core network, responsible for
forwarding user plane data.

[0081] In block S121, the S-GW may send an end marker to the current secondary
base station.

[0082] The end marker may be sent independently. The end marker may also be
included in a last packet sent to the current secondary base station.

[0083] In block S122, the current secondary base station may send an end marker to
the master base station and the target secondary base station respectively.

[0084] The end marker may be sent independently. The end marker may also be
included in a last packet.

[0085] In block S123, the master base station may send a second bearer type
reconfiguration instruction to the UE.

[0086] In block S124, the UE sends a bearer type reconfiguration complete message

to the master base station.
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[0087] The UE changes the bearer type of user plane data from the SCG split bearer
to the SCG bearer in response to the bearer type reconfiguration complete message,
and then the block S124 may be executed.

[0088] In block S125, the S-GW establishes a new path with the target secondary
base station.

[0089] In block S126, the MME sends a path switch acknowledgment to the master
base station.

[0090] In block S127, the master base station sends a UE context release message to
the current secondary base station.

[0091] The sequence between some blocks in Fig. 5 is only schematic but not
restrictive, such as blocks S113 and S114, blocks S115 and S116, blocks S123 and
S125, ete.

[0092] The master base station controls the UE to modify the bearer type to SCG
bearer (in blocks S123 and S124) in Fig. 5 after receiving the end marker. In other
embodiment, The master base station controls the UE to modify the bearer type to
SCG bearer after receiving the path switch acknowledgment (in block S126), or after
the UE has completed the random access procedure to the target secondary base
station (in block S118), or after the master base station has transmitted the received
user plane data from the current secondary base station.

[0093] A, B, C and D in Fig. 5 mean four times transmission of user plane data
during the secondary base station change process, and transmission path of each time
may be different. As shown in Fig. 6, transmission path for user plane data varies
during the secondary base station change process, arrows therein indicate
transmission paths for user plane data. The bearer type during the A is the SCG
bearer, the current secondary base station receives user plane data from the S-GW.
The UE only receives user plane data from the current secondary base station before
breaking the connection with the current secondary base station. The bearer type
during the B is the SCG split bearer, the current secondary base station receives user
plane data from the S-GW and forwards to the master base station and the target

secondary base station. The UE only receives user plane data from the master base
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station, after breaking the connection with the current secondary base station,
modifying the bearer type to the SCG split bearer and informing the master base
station the modification (in block S116 in the Fig. 5). The bearer type during the C
is the SCG split bearer, the current secondary base station receives user plane data
from the S-GW and forwards to the master base station and the target secondary base
station. The UE receives user plane data from the master base station and the current
secondary base station after the random access procedure has been completed (in
block S118 in the Fig. 5). The bearer type during the D is the SCG bearer, the target
secondary base station receives user plane data from the S-GW. The UE only receives
user plane data from the target secondary base station, after the UE modifies the
bearer type from the SCG split bearer to the SCG bearer in response to the second
bearer type reconfiguration instruction and informing the master base station the
modification (in block S123 in the Fig. 5), and the new path has been established
between the S-GW and the target secondary base station (in block S125 in the Fig. 5).
[0094] When the UE firstly modifies the bearer type from the SCG bearer to the
SCG split bearer and then breaks the connection with the current secondary base
station (not shown in Fig. 5), the UE may simultancously receive user plane data from
the current secondary base station and the master base station therebetween.

[0095] As the S-GW and MME connected with the master base station, the current
secondary base station and target secondary base station may be the same, the S-GW
or MME may not be required to be switched during the secondary base station change
process. In other embodiments, the S-GW and MME connected with the master
base station, current secondary base station and target secondary base station may be
different, then it is probable to switch the S-GW and/or MME during the secondary
base station change process.

[0096] Referring to Fig. 7, a method for secondary base station change according to
a sixth embodiment is based on that according to the first embodiment. The current
secondary base station initiates the secondary base station change and the master base
station negotiates with the target secondary base station, in which the same part as the

above embodiment will not be elaborated herein. As shown in Fig. 7, the method in
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the sixth embodiment may include the following blocks.

[0097] Inblock S131, the current secondary base station sends a first secondary base
station change request to the master base station.

[0098] The first secondary base station change request may include information of
the target secondary base station which is the one that the current secondary base
station selects. The first secondary base station change request may also not include
information of the target secondary base station, and the master base station selects
the target secondary base station.

[0099] In block S132, the master base station sends a second secondary base station
change request to the target secondary base station in response to the first secondary
base station change request.

[00100] In block S133, the target secondary base station sends a second secondary
base station change request acknowledgment to the master base station.

[00101] In block S134, the master base station sends a first secondary base station
change request acknowledgment and the first bearer type reconfiguration instruction
to the current secondary base station.

[00102] In the present embodiment, the master base station simultaneously sends the
first secondary base station change request acknowledgment and the first bearer type
reconfiguration instruction. In other embodiments, the master base station may also
firstly send the first secondary base station change request acknowledgment and then
send the first bearer type reconfiguration instruction, or firstly send the first bearer
type reconfiguration instruction and then send the first secondary base station change
request acknowledgment.

[00103] In block S135, the master base station sends a handover signaling and the
first bearer type reconfiguration instruction to the UE.

[00104] In block S136, the current secondary base station may split the received user
plane data of the secondary cell group bearer into two parts, one of which is
transmitted to the master base station, the other of which is forwarded to the target
secondary base station.

[00105] In block S137, the UE may send a connection reconfiguration complete
14
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message and a bearer type reconfiguration complete message to the master base
station.

[00106] In block S138, the master base station may send a secondary base station
reconfiguration complete message to the target secondary base station.

[00107] In block S139, the UE may complete a random access procedure to the target
secondary base station.

[00108] In block S140, the master base station may send a path secondary base
station change request to MME.

[00109] In block S141, the MME may send a bearer change message to a S-GW.
[00110] In block S142, the S-GW may send an end marker to the current secondary
base station.

[00111] In block S143, the current secondary base station may send an end marker to
the master base station and the target secondary base station respectively.

[00112] In block S144, the master base station may send a second bearer type
reconfiguration instruction to the UE.

[00113] In block S145, the UE sends a bearer type reconfiguration complete message
to the master base station.

[00114] In block S146, the S-GW establishes a new path with the target secondary
base station.

[00115] In block S147, the MME sends a path switch acknowledgment to the master
base station.

[00116] In block S148, the master base station sends a UE context release message to
the current secondary base station.

[00117] The master base station controls the UE to modify the bearer type to SCG
bearer (in blocks S144 and S145) in Fig. 7 after receiving the end marker. In other
embodiment, The master base station controls the UE to modify the bearer type to
SCG bearer after receiving the path switch acknowledgment (in block S147), or after
the UE has completed the random access procedure to the target secondary base
station (in block S139), or after the master base station has transmitted the received

user plane data from the current secondary base station.
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[00118] Referring to Fig. 8, a method for secondary base station change according to
a seventh embodiment is based on that according to the first embodiment. The current
secondary base station initiates the secondary base station change, in which the same
part as the above embodiment will not be elaborated herein. As shown in Fig. 8, the
method in the seventh embodiment may include the following blocks.

[00119] In block S151, the current secondary base station sends a third secondary
base station change request to the target secondary base station.

[00120] In block S152, the target secondary base station sends a third secondary base
station change request acknowledgment to the current secondary base station.

[00121] In block S153, the current secondary base station sends a fourth secondary
base station change request to the master base station.

[00122] In block S154, the master base station sends a first bearer type
reconfiguration instruction to the current secondary base station.

[00123] In block S155, the master base station sends a handover signaling and the
first bearer type reconfiguration instruction to the UE.

[00124] In block S156, the current secondary base station may split the received user
plane data of the secondary cell group bearer into two parts, one of which is
transmitted to the master base station, the other of which is forwarded to the target
secondary base station.

[00125] In block S157, the UE may send a connection reconfiguration complete
message and a bearer type reconfiguration complete message to the master base
station.

[00126] In block S158, the master base station may send a secondary base station
reconfiguration complete message to the target secondary base station.

[00127] In block S159, the UE may complete a random access to the target secondary
base station.

[00128] In block S160, the master base station may send a path secondary base
station change request to MME.

[00129] In block S161, the MME may send a bearer change message to a S-GW.

[00130] In block S162, the S-GW may send an end marker to the current secondary
16
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base station.

[00131] In block S163, the current secondary base station may send an end marker to
the master base station and the target secondary base station respectively.

[00132] In block S164, the S-GW establishes a new path with the target secondary
base station.

[00133] In block S165, the MME sends a path switch acknowledgment to the master
base station.

[00134] In block S166, the master base station sends a second bearer type
reconfiguration instruction to the UE.

[00135] In block S167, the US sends a bearer type reconfiguration complete message
to the master base station.

[00136] In block S168, the master base station sends a UE context release message to
the current secondary base station.

[00137] The master base station controls the UE to modify the bearer type to SCG
bearer (in blocks S166 and S167) in Fig. 8 after receiving the path switch
acknowledgment. In other embodiment, The master base station controls the UE to
modify the bearer type to SCG bearer after receiving the end marker (in block S163),
or after the UE has completed the random access procedure to the target secondary
base station (in block S159), or after the master base station has transmitted the
received user plane data from the current secondary base station.

[00138] In the present embodiment, the transmission path of user plane data varies
during the secondary base station change process, which is still as shown in Fig. 6.
[00139] Referring to Fig. 9, a method for secondary base station change according to
an eighth embodiment is based on that according to the first embodiment. The UE
initiates the secondary base station change, in which the same part as the above
embodiment will not be elaborated herein. As shown in Fig. 9, the method in the
eighth embodiment may include the following blocks.

[00140] In block S171, the master base station may send a pre-handover instruction to
the UE.

[00141] The pre-handover instruction may include handover conditions and
17
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information of candidate secondary base stations. The master base station may select
a candidate secondary base station according to a measurement report from the UE.
Except for the measurement report from the UE, the master base station may also
select a candidate secondary base station according to at least one of the following: a
current position of the UE, movement direction, loads of the candidate secondary base
station.

[00142] In block S172, the UE may judge whether the quality of signals of the
candidate secondary base station is met with the handover conditions.

[00143] The UE detects the quality of signals of the candidate secondary base stations.
The master base station selects the target secondary base station from candidate
secondary base stations met with the handover conditions when the quality of signals
of the candidate secondary base stations is met with the handover conditions, and then
subsequent blocks may be executed.

[00144] The UE may directly select the candidate secondary base station as the target
secondary base station when the number of the candidate secondary base station met
with the handover conditions is one. The UE may select one candidate secondary base
station therefrom according pre-defined criteria, such as optimal signal quality,
optimal service quality, minimum load, etc.

[00145] In block S173, the UE may send a handover informing message to the master
base station.

[00146] The handover informing message may include information of the target
secondary base station. As the master base station is responsible for controlling plane
data of the UE, the UE fails to inform the current secondary base station when
initiating the secondary base station change thereby, but the UE may inform the
master base station firstly and then the master base station informs the current
secondary base station. Of course, in some embodiments, the target secondary base
station may also send the handover informing message to the master base station
and/or the current secondary base station.

[00147] In block S174, the UE may switch from the current secondary base station to

the target secondary base station.
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[00148] In block S175, the master base station may send a handover informing
message to the current secondary base station.

[00149] In block S176, the master base station may transmit user plane data to the UE
during the secondary base station change process.

[00150] In specific, what may be referred to that in the previous embodiments.
[00151] The sequences of the blocks S173 and S174, and the blocks S175 and S176
are just schematic, which may be performed in turn or simultaneously.

[00152] Referring to Fig. 10, the execution subject of the method for secondary base
station change in a ninth embodiment may be a base station, acting as a current
secondary base station during a secondary base station change process. As shown in
Fig. 10, the method may include the following blocks.

[00153] In block S21, the current secondary base station may determine a target
secondary base station.

[00154] The current secondary base station has a plurality of ways to determine the
target secondary base station due to different initiators of secondary base station
change, which has been eclaborated in specific according to the fifth to eighth
embodiments, and will not be described again herein.

[00155] In block S22, the current secondary base station may transmit at least a part
of received user plane data of a secondary cell group bearer to the master base station.
[00156] In this way, the master base station may transmit user plane data from the
current secondary base station to the UE. The current secondary base station may
forward user plane data to the target secondary base station, which has not been
transmitted to the master base station thereby.

[00157] Referring to Fig. 11, the method for secondary base station change in a tenth
embodiment is based on that in the ninth embodiment. As shown in Fig. 11, the
method may further include the following block before the block S22.

[00158] In block S23, the current secondary base station may receive a first bearer
type reconfiguration instruction from the master base station.

[00159] The first bearer type reconfiguration instruction may be configured for

indicating the bearer type to switch from the SCG bearer to the SCG split bearer. The
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first bearer type reconfiguration instruction may include a data-splitting ratio. The
data-splitting ratio may be configured for indicating a proportion of the user plane
data which is transmitted to the master base station by current secondary base station
and occupies user plane data of the secondary cell group bearer received thereby.
The current secondary base station may split the received user plane data according
the data-splitting ratio and then forward to the master base station and the target base
station respectively.

[00160] Fig. 12 is a flowchart illustrating an eleventh embodiment of a method for
secondary base station change according to the present disclosure. The execution
subject of the method for secondary base station change in accordance with the
eleventh embodiment may be a UE. The UE may be fixed and also be mobile. The
UE may be a cell phone, a personal digital assistant (PDA), a wireless modern, a plate
computer, a laptop, or a radiophone, etc. As shown in Fig. 12, the method for
secondary base station change may include the following blocks

[00161] In block S31, the UE may switch from a current secondary base station to a
target secondary bases station, and receive user plane data from a master base station
during the secondary base station change process.

[00162] The UE may switch in response to a handover signaling from the master base
station, and may also detect whether the quality of signals of candidate secondary
base stations is met with handover conditions after receiving a pre-handover
instruction (which may include handover conditions and information of candidate
secondary base stations). The UE may select a target secondary base station from
the candidate secondary base stations met with the handover conditions when the
quality of signals of candidate secondary base stations is met with handover
conditions, which may specifically be referred to that in the previous embodiments.
[00163] The UE breaks the connection with the current secondary base station and
performs random access procedure to establish a connection with the target secondary
base station. Thus the UE switches from the current secondary base station to the
target secondary base station, and receives user plane data from the master base

station during the secondary base station change process.
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[00164] Referring to Fig. 13, the method for secondary base station change in a
twelfth embodiment is based on that in the eleventh embodiment. As shown in Fig. 13,
the method may further include the following blocks before receiving user plane data
from the master base station during the secondary base station change process.

[00165] In block S32, the UE may receive a first bearer type reconfiguration
instruction from the master base station.

[00166] The first bearer type reconfiguration instruction may be configured for
indicating a bearer type to switch from the SCG bearer to the SCG split bearer. The
sequence for sending the first bearer type reconfiguration instruction and the handover
signaling is not restrictive.

[00167] In block S33, the UE may modify the bearer type according to the first bearer
type reconfiguration instruction.

[00168] The UE changes the bearer type of user plane data from the SCG bearer to
the SCG split bearer.

[00169] In block S34, the UE may send a bearer type reconfiguration complete
message to the master base station.

[00170] Referring to Fig. 14, the method for secondary base station change in a
thirteenth embodiment is based on that in the eleventh embodiment. As shown in Fig.
14, the method may further include the following blocks after the block S31.

[00171] In block S35, the UE may receive a second bearer type reconfiguration
instruction sent by the master base station after the secondary base station change
process has been completed.

[00172] The second bearer type reconfiguration instruction may be configured for
indicating a bearer type to switch from the SCG split bearer to the SCG bearer.
[00173] In block S36, the UE may modify the bearer type according to the second
bearer type reconfiguration instruction and send a bearer type reconfiguration
complete message to the master base station.

[00174] The bearer type of user plane data changes from the SCG split bearer to the
SCG bearer after the secondary base station change process is completed, ensuring

that the master base station may always transmit user plane data to the UE during the
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secondary base station change process, and avoiding a mobility interruption.

[00175] Referring to Fig. 15, the method for secondary base station change in a
fourteenth embodiment is based on that in the eleventh embodiment. As shown in Fig.
15, the method may further include the following blocks after the block S31.

[00176] In block S37, the UE may receive a second bearer type reconfiguration
instruction sent by the master base station after user plane data has been transmitted
thereby.

[00177] The second bearer type reconfiguration instruction may be configured for
indicating the bearer type to switch from the SCG split bearer to the SCG bearer.
[00178] In block S38, the UE may modify the bearer type according to the second
bearer type reconfiguration instruction and send a bearer type reconfiguration
complete message to the master base station.

[00179] Fig. 16 is illustrating an apparatus for secondary base station change in a first
embodiment. As shown in Fig. 16, the apparatus may include a processor 110 and a
communication circuit 120. The processor is connected to the communication circuit
120.

[00180] The communication circuit 120 may be configured for transmitting and
receiving data, which is an interface for communication between the apparatus and
other communication devices.

[00181] The processor 110 controls operations of the apparatus for secondary base
station change. The processor 110 may also be called as CPU (Central Processing
Unit). The processor 110 may be an integrated circuit chip with an ability to process
signals. The processor 110 may also be a common processor, a Digital Signal
Processor (DSP), an Application Specific Integrated Circuits (ASIC), a Field
Programmable Gate Array (FPGA) or another programmable logical device, a discrete
gate or transistor logic component, a discrete hardware component. The common
processor may be a micro-processor, or also be any one of conventional processors,
ete.

[00182] The processor 110 may be configured for performing programs to achieve

any one of the methods for secondary base station change in accordance with the first
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to tenth embodiment or a method provided in any one arbitrary and non-conflicting
combination of the embodiments therein.

[00183] The apparatus in the present embodiment may be a base station, and also be a
separate component integrated in a base station, such as a base band board.

[00184] Referring to FIG. 17, a beam communication apparatus according to a second
embodiment may include a processor 210 and a communication circuit 220. The
processor 210 may be connected to the communication circuit 220.

[00185] The communication circuit 220 may be configured for transmitting and
receiving data, which is an interface for communication between the beam
communication apparatus and other communication devices.

[00186] The processor 210 controls operations of the apparatus for secondary base
station. The processor 210 may also be called as CPU (Central Processing Unit).
The processor 210 may be an integrated circuit chip with an ability to process signals.
The processor 210 may also be a common processor, a Digital Signal Processor (DSP),
an Application Specific Integrated Circuits (ASIC), a Field Programmable Gate Array
(FPGA) or another programmable logical device, a discrete gate or transistor logic
component, a discrete hardware component. The common processor may be a
micro-processor, or also be any one of conventional processors, etc.

[00187] The processor 210 may be configured for performing programs to achieve
any one of the beam communication methods in accordance with the eleventh to
fourteenth embodiment or a method provided in any one arbitrary and non-conflicting
combination of the embodiments therein.

[00188] The apparatus in the present embodiment may be a user equipment, and also
be a separate component integrated in a user equipment, such as a base band chip.
[00189] Referring to FIG. 18, an apparatus for secondary base station change
according to a third embodiment may include a memory 310. The memory 310 is
used to store programs therein. When the programs is performed, any one of the
methods for secondary base station change in accordance with the first to tenth
embodiment or a method provided with arbitrary and non-conflicting combination of

the embodiments therein may be achieved.
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[00190] The memory 310 may include a Read-Only Memory (ROM), a Random
Access Memory (RAM), a Flash Memory, hard disk, optical disk, etc.

[00191] The apparatus for secondary base station change in the present embodiment
may be a base station, and also be a separate component integrated in a base station,
such as a base band board.

[00192] Referring to Fig. 19, an apparatus for secondary base station according to a
fourth embodiment may include a memory 410. The memory 410 is used to store
programs therein. When the programs is performed, any one of the methods for
secondary base station in accordance with the eleventh to fourteenth embodiment or a
method provided with arbitrary and non-conflicting combination of the embodiments
therein may be achieved.

[00193] The memory 410 may include a Read-Only Memory (ROM), a Random
Access Memory (RAM), a Flash Memory, hard disk, optical disk, etc.

[00194] The apparatus for secondary base station change in the present embodiment
may be a user equipment, and also be a separate component integrated in a user
equipment, such as a base band chip.

[00195] As shown in Fig. 20, which illustrates an apparatus for secondary base station
change according to a fifth embodiment of the present disclosure, the apparatus may
include a determining module 51 and a transmission module 52. The determining
module 51 is used for determining a switched secondary base station. The
transmission module 52 is configured for transmitting user plane data to the UE when
the UE switches from a current secondary base station to the target secondary base
station.

[00196] The apparatus for secondary base station change in the present embodiment
may be a base station, and also be a separate component integrated in a base station,
such as a base band board.

[00197] As shown in Fig. 21, which illustrates an apparatus for secondary base station
change according to a sixth embodiment of the present disclosure, the apparatus may
include a determining module 61 and a transmission module 62. The determining

module 61 is used for determining a switched secondary base station. The
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transmission module 62 is configured for receiving at least a part of received user
plane data of the bearer type bearer to the master base station during the secondary
base station change process such that the master base station transmits user plane data
to the UE during the secondary base station change process.

[00198] The apparatus for secondary base station change in the present embodiment
may be a base station, and also be a separate component integrated in a base station,
such as a base band board.

[00199] As shown in Fig. 22, which illustrates an apparatus for secondary base station
change according to a seventh embodim2nt of the present disclosure, the apparatus
may include a handover module 71. The handover module 71 is configured for
switching from the current secondary base station to the target secondary base station
and receiving user plane data from the master base station during the secondary base
station change process.

[00200] The apparatus for secondary base station change in the present embodiment
may be a UE, and also be a separate component integrated in a UE, such as a base
band board.

[00201] The functions of each part of each apparatus for secondary base station
change and the feasible expansion can be referred to the description of the
corresponding methods for secondary base station change according to embodiments
of the present disclosure, and be no longer repeated to describe herein.

[00202] The above description depicts merely some exemplary embodiments of the
disclosure, but does not mean to limit the scope of the disclosure. Any equivalent
structure or flow transformations made to the disclosure, or any direct or indirect
applications of the disclosure on other related fields, shall all be covered within the

protection of the disclosure.
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What is claimed is:

1. A method for secondary base station change, comprising:

determining a target secondary base station by a master base station; and

transmitting user plane data to a user equipment by the master base station
during a secondary base station change process within which the user equipment
switches from a current secondary base station to the target secondary base station.

2. The method according to claim 1, wherein the transmitting user plane data to
the user equipment by the master base station during the secondary base station
change process within which the user equipment switches from the current secondary
base station to the target secondary base station comprises:

receiving the user plane data from the current secondary base station during the
secondary base station change process and then transmitting the user plane data to the
user equipment by the master base station.

3. The method according to claim 2, wherein the user plane data transmitted
during the secondary base station change process by the master base station only
comes from the current secondary base station.

4. The method according to claim 2, wherein the method further comprises the
following step before the transmitting the user plane data to the user equipment by the
master base station during the secondary base station change process within which the
user equipment switches from the current secondary base station to the target
secondary base station:

sending a first bearer type reconfiguration instruction to the user equipment and
the current secondary base station respectively, wherein the bearer type
reconfiguration instruction is configured for indicating a bearer type to switch from a
secondary cell group bearer to a secondary cell group split bearer.

5. The method according to claim 4, wherein the first bearer type reconfiguration
instruction sent by the master base station to the current secondary base station
comprises a data-splitting ratio, wherein the data-splitting ratio is configured for

indicating a proportion of user plane data which is transmitted to the master base
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station by current secondary base station and occupies user plane data of the
secondary cell group bearer received thereby.

6. The method according to claim 4, wherein the method further comprises the
following step after the transmitting the first bearer type reconfiguration instruction to
the user equipment:

receiving a bearer type reconfiguration complete message from the user
equipment by the master base station.

7. The method according to claim 4, wherein the method further comprises the
following step after the transmitting the user plane data to the user equipment by the
master base station during the secondary base station change process within which the
user equipment switches from a current secondary base station to the target secondary
base station:

sending a second bearer type reconfiguration instruction by the master base
station to the user equipment after the secondary base station change process is
completed, wherein the second bearer type reconfiguration instruction is configured
for indicating the bearer type to switch from the secondary cell group split bearer to
the secondary cell group bearer.

8. The method according to claim 7, wherein the sending the second bearer type
reconfiguration instruction by the master base station to the user equipment after the
secondary base station change process is completed comprises:

sending the second bearer type reconfiguration instruction to the user equipment
by the master base station after receiving an end marker from the current secondary
base station.

9. The method according to claim 7, wherein the sending the second bearer type
reconfiguration instruction to the user equipment by the master base station after the
secondary base station change process is completed comprises:

sending the second bearer type reconfiguration instruction to the user equipment
by the master base station after receiving a path switch acknowledgment from a

mobility management entity.

27



WO 2018/196083 PCT/CN2017/086122

10. The method according to claim 4, wherein the method further comprises the
following step after the transmitting user plane data to the user equipment by the
master base station during the secondary base station change process within which the
user equipment switches from the current secondary base station to the target
secondary base station:

sending a second bearer type reconfiguration instruction to the user equipment
by the master base station after the user plane data from the current secondary base
station has been transmitted thereby to the user equipment, wherein the second bearer
type reconfiguration instruction is configured for indicating the bearer type to switch
from the secondary cell group split bearer to the secondary cell group bearer.

11. The method according to claim 1, wherein the method further comprises the
following step after the determining the target secondary base station by the master
base station:

sending a handover signaling to the user equipment by the master base station
such that the user equipment switches from the current secondary base station to the
target secondary base station.

12. The method according to claim 11, wherein the determining the target
secondary base station by the master base station comprises:

sending a secondary base station change request to the target secondary base
station;

receiving a secondary base station change request acknowledgment from the
target secondary base station; and

transmitting information of the target secondary base station to the current
secondary base station.

13. The method according to claim 12, wherein the master base station sends the
first bearer type reconfiguration instruction at the same time as transmitting the
information of the target secondary base station, or before or after transmitting the
information of the target secondary base station.

14. The method according to claim 11, wherein the determining the target

secondary base station by the master base station comprises:
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receiving a first secondary base station change request from the current
secondary base station;

sending a second secondary base station change request to the target secondary
base station in response to the first secondary base station change request;

receiving a second secondary base station change request acknowledgment from
the target secondary base station; and

sending a first secondary base station change request acknowledgment to the
current secondary base station.

15. The method according to claim 14, wherein the master base station sends the
first bearer type reconfiguration instruction at the same time as sending the first
secondary base station change request acknowledgment, or before or after sending the
first secondary base station change request acknowledgment.

16. The method according to claim 15, wherein the determining the target
secondary base station by the master base station comprises:

receiving a fourth secondary base station change request from the current
secondary base station, wherein the fourth secondary base station change request is
transmitted by the current secondary base station after the target secondary base
station responds to a third secondary base station change request sent to the target
secondary base station by the current secondary base station.

17. The method according to claim 16, wherein the method further comprises the
following the step after receiving the fourth secondary base station change request
from the current secondary base station:

sending the first bearer type reconfiguration instruction to the current secondary
base station.

18. The method according to claim 11, wherein the method further comprises the
following the step before determining the target secondary base station by the master
base station:

sending a pre-handover instruction to the user equipment, wherein the
pre-handover instruction comprises handover conditions and information of candidate

secondary base stations such that the user equipment selects the target secondary base
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station from the candidate secondary base stations when meeting with the handover
conditions and then switches from the current secondary base station to the target
secondary base station; and

the determining the target secondary base station by the master base station
comprises:

receiving a handover informing message from the user equipment or the target
secondary base station.

19. A method for secondary base station change, comprising:

determining a target secondary base station by a current secondary base station;
and

transmitting at least a part of received user plane data of a secondary cell group
bearer to a master base station during a secondary base station change process such
that the master base station transmits the user plane data to a user equipment during
the secondary base station change process.

20. The method according to claim 19, wherein the method comprises the
following step before transmitting at least a part of received user plane data of the
secondary cell group bearer to the master base station during the secondary base
station change process:

receiving a first bearer type reconfiguration instruction from the master base
station, wherein the first bearer type reconfiguration instruction is configured for
indicating a bearer type to switch from a secondary cell group bearer to a secondary
cell group split bearer.

21. The method according to claim 20, wherein the first bearer type
reconfiguration instruction sent by the master base station to the current secondary
base station comprises a data-splitting ratio, wherein the data-splitting ratio is
configured for indicating a proportion of user plane data which is transmitted by
current secondary base station to the master base station and occupies user plane data
of the secondary cell group bearer received thereby.

22. The method according to claim 19, wherein the method comprises the

following step after transmitting at least a part of received user plane data of the
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secondary cell group bearer to a master base station during the secondary base station
change process:

receiving an end marker from a serving gateway; and

transmitting the end marker to the master base station.

23. The method according to claim 19, wherein the determining the target
secondary base station by the current secondary base station comprises:

receiving information of the target secondary base station from the master base
station.

24. The method according to claim 19, wherein the determining the target
secondary base station by the current secondary base station comprises:

sending a first secondary base station change request to the master base station
such that the master base station sends a second secondary base station change request
to the target secondary base station in response to the first secondary base station
change request, and receives a second secondary base station change request
acknowledgment from the target secondary base station; and

receiving a first secondary base station change request acknowledgment from the
master base station.

25. The method according to claim 19, wherein the determining the target
secondary base station by the current secondary base station comprises:

sending a third secondary base station change request to the target secondary
base station; and

receiving a third secondary base station change request acknowledgment from
the target secondary base station.

26. The method according to claim 25, wherein the method further comprises the
following step after receiving the third secondary base station change request
acknowledgment from the target secondary base station:

sending a fourth secondary base station change request to the master base station,
wherein the fourth secondary base station change request comprises information of

the target secondary base station.
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27. The method according to claim 19, wherein the determining the target
secondary base station by the current secondary base station comprises:

receiving a handover informing message from the master base station and/or the
target secondary base station.

28. A method for secondary base station change, comprising:

switching from a current secondary base station to a target secondary base station
by a user equipment and receiving user plane data from a master base station during
the secondary base station change process.

29. The method according to claim 28, wherein the method further comprises the
following step before receiving user plane data from the master base station during
the secondary base station change process:

receiving a first bearer type reconfiguration instruction from the master base
station, wherein the first bearer type reconfiguration instruction is configured for
indicating a bearer type to switch from a secondary cell group bearer to a secondary
cell group split bearer.

30. The method according to claim 29, wherein the method further comprises the
following step after receiving the first bearer type reconfiguration instruction from the
master base station:

modifying the bearer type according to the first bearer type reconfiguration
instruction and then transmitting a bearer type reconfiguration complete message to
the master base station.

31. The method according to claim 28, wherein the method further comprises the
following step after receiving the first bearer type reconfiguration instruction from the
master base station:

receiving a second bearer type reconfiguration instruction transmitted by the
master base station after the secondary base station change process is completed,
wherein the second bearer type reconfiguration instruction is configured for indicating
a bearer type to switch from the secondary cell group split bearer to the secondary cell

group bearer.
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32. The method according to claim 31, wherein the method further comprises the
following step after receiving the second bearer type reconfiguration instruction from
the master base station:

modifying the bearer type according to the second bearer type reconfiguration
instruction and then sending a bearer type reconfiguration complete message to the
master base station.

33. The method according to claim 28, wherein the method further comprises the
following step after receiving the first bearer type reconfiguration instruction from the
master base station:

receiving a second bearer type reconfiguration instruction sent by the master
base station after the user plane data from the current secondary base station has been
transmitted thereby to the user equipment, wherein the second bearer type
reconfiguration instruction is configured for indicating a bearer type to switch from
the secondary cell group split bearer to the secondary cell group bearer.

34. The method according to claim 33, wherein the method further comprises the
following step after receiving the second bearer type reconfiguration instruction
transmitted by the master base station after the user plane data from the current
secondary base station has been transmitted thereby to the user equipment:

modifying the bearer type according to the second bearer type reconfiguration
instruction and then sending a bearer type reconfiguration complete message to the
master base station.

35. The method according to claim 28, wherein the switching from the current
secondary base station to the target secondary base station comprises:

receiving a handover signaling from the master base station, wherein the
handover signaling comprises information of the target secondary base station; and

switching from the current secondary base station to the target secondary base
station in response to the handover signaling.

36. The method according to claim 28, wherein the switching from the current

secondary base station to the target secondary base station comprises:
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receiving a pre-handover instruction from the master base station, wherein the
pre-handover instruction comprises handover conditions and information of candidate
secondary base stations;

judging whether the quality of signals of the candidate secondary base stations is
met with the handover conditions;

selecting the target secondary base station from candidate secondary base
stations met with the handover conditions, and switching from the current secondary
base station to the target secondary base station when the quality of signals of the
candidate secondary base station is met with the handover conditions.

37. A apparatus for secondary base station change, comprising a processor and a
communication circuit connected to the processor, wherein the processor is

configured for executing programs to perform the method in any one of claims 1-36.
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