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(57) Abstract: The present disclosure relates to a pre-Sth-Generation
(5G) or 5G communication system to be provided for supporting higher

data rates Beyond 4™_Generation (4G) communication system such as
Long Term Evolution (LTE). The present invention provides a method
for supporting handover, comprising the steps of: informing, by a source
base station, a core network whether a direct data forwarding path is
available; deciding, by the core network, whether to use direct data for-
warding or indirect data forwarding; informing, by the core network, a
target base station of information about the direct data forwarding or
indirect data forwarding; allocating, by the target base station, data for-
warding tunnel information, the target base station allocating the da-
ta forwarding tunnel information according to the received information
about the direct data forwarding or indirect data forwarding; transmit-
ting, by the target base station, the allocated data forwarding tunnel in-
formation to the core network; and informing, by the core network, the
source base station of the data forwarding tunnel information. With the
present invention, different data forwarding methods are supported to
prevent data loss and ensure service continuity.
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Description
Title of Invention: APPARATUS AND METHOD FOR
SUPPORTING HANDOVER IN A WIRELESS COMMU-

NICATION SYSTEM
Technical Field

The present application relates to a wireless communication and in particular to an

apparatus and method for supporting handover in a wireless communication system.

Background Art

To meet the demand for wireless data traffic having increased since deployment of 4
th generation (4G) communication systems, efforts have been made to develop an
improved 5% generation (5G) or pre-5G communication system. Therefore, the 5G or
pre-5G communication system is also called a ‘Beyond 4G Network' or a 'Post Long
Term Evolution (LTE) System'.

The 5G communication system is considered to be implemented in higher frequency
(mmWave) bands, e.g., 28GHz or 60GHz bands, so as to accomplish higher data rates.
To decrease propagation loss of the radio waves and increase the transmission
distance, the beamforming, massive multiple-input multiple-output (MIMO), Full Di-
mensional MIMO (FD-MIMO), array antenna, an analog beam forming, large scale
antenna techniques are discussed in 5G communication systems.

In addition, in 5G communication systems, development for system network im-
provement is under way based on advanced small cells, cloud Radio Access Networks
(RANS), ultra-dense networks, device-to-device (D2D) communication, wireless
backhaul, moving network, cooperative communication, Coordinated Multi-Points
(CoMP), reception-end interference cancellation and the like.

In the 5G system, Hybrid frequency shift keying (FSK) and quadrature amplitude
modulation (FQAM) and sliding window superposition coding (SWSC) as an
advanced coding modulation (ACM), and filter bank multi carrier (FBMC), non-
orthogonal multiple access (NOMA), and sparse code multiple access (SCMA) as an
advanced access technology have been developed.

The modern mobile communication increasingly tends to focus on multimedia
services that provide users with high-rate transport. Therefore, there is a need for a

handover supporting method that can avoid loss of data.
Disclosure of Invention

Technical Problem

An aspect of the present disclosure is to provide an apparatus and method for
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supporting handover in a wireless communication system.
The present disclosure can provides how to support handover according to the data

forwarding method.

Another aspect of the present disclosure comprises receiving from source base
station, whether a direct data forwarding path is available; determining data forwarding
scheme based on the whether a direct data forwarding path is available; transmitting, to
target base station, the determined data forwarding scheme; receiving from target base
station allocated data forwarding tunnel information by target base station based on the
data forwarding scheme; and transmitting, to source base station, the allocated data

forwarding tunnel information.

Solution to Problem

A method for supporting handover, comprising the steps of:

informing, by a source base station, a core network whether a direct data forwarding
path is available;

deciding, by the core network, whether to use direct data forwarding or indirect data
forwarding;

informing, by the core network, a target base station of information about the direct
data forwarding or indirect data forwarding;

allocating, by the target base station, data forwarding tunnel information, the target
base station allocating the data forwarding tunnel information according to the
received information about the direct data forwarding or indirect data forwarding;

transmitting, by the target base station, the allocated data forwarding tunnel in-
formation to the core network; and

informing, by the core network, the source base station of the data forwarding tunnel
information.

According to an aspect of the invention, the method comprises:

the source base station proposes downlink data forwarding, and transmits the
proposal to the target base station through the core network.

According to an aspect of the invention, the method comprises:

The downlink data forwarding proposed by the source base station is specific to a
Protocol Data Unit (PDU) session, and/or a Qos flow in a PDU session, and/or a Data
Radio Bearer (DRB) in a PDU session.

According to an aspect of the invention, the method comprises:

in a source-to-target transparent container or in a handover required message, the
source base station contains PDU session information requiring data forwarding and/or
Qos flow information requiring data forwarding.

According to an aspect of the invention, the method comprises:
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DRB information requiring data forwarding is further contained in the source-
to-target transparent container; and the DRB information contains a DRB identifier
and/or the downlink data forwarding proposed by the source base station.

According to an aspect of the invention, the method comprises:

the source base station can contain the DRB information requiring data forwarding
only when the direct data forwarding path is available.

According to an aspect of the invention, the method comprises:

for the indirect data forwarding, the target base station allocates a user plane tunnel
information for each PDU session requiring data forwarding, and the tunnel in-
formation contains an address of a transport layer and a Tunnel Endpoint ID (TEID).

According to an aspect of the invention, the method comprises:

the target base station can also allocate a user plane tunnel information for each Qos
flow requiring data forwarding, and the tunnel information contains an address of a
transport layer and a TEID.

According to an aspect of the invention, the method comprises:

for the direct data forwarding, the target base station allocates a user plane tunnel for
each DRB requiring data forwarding, and the user plane tunnel information contains an
address of a transport layer and a TEID.

According to an aspect of the invention, the method comprises:

the target base station includes the tunnel information allocated for data forwarding
on a DRB in a target-to-source transparent container, or includes the information
directly in a handover request acknowledgement message for being transmitted to a
AMF.

According to an aspect of the invention, the method comprises:

the target base station allocates a user plane tunnel information for each PDU session
requiring data forwarding, and the tunnel information contains an address of a
transport layer and a TEID.

According to an aspect of the invention, the method comprises:

the target base station can also allocate a user plane tunnel information for each Qos
flow requiring data forwarding, and the tunnel information contains an address of a
transport layer and a TEID.

According to an aspect of the invention, the method comprises:

for the direct data forwarding, the AMF transmits the tunnel information allocated by
the target base station to the source base station; and if handover is performed between
different AMFs, a target AMF transmits the tunnel information allocated by the target
base station to the source base station via a source AMF.

According to an aspect of the invention, the method comprises:

for the indirect data forwarding, the AMF transmits, to the source base station, the
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data forwarding tunnel information allocated by an UPF; and if the UPF changes
during a handover process, the AMF transmits, to the source base station, the data

forwarding tunnel information allocated by the source UPF.
By the method for supporting handover, a data forwarding problem during a

handover process can be solved, so that the loss of data is avoided, the time of data in-
terruption is decreased and the continuity of services is ensured.
Advantageous Effects of Invention

In the present disclosure, different data forwarding methods can be supported, the
loss of data can be avoided and the continuity of services can be ensured. If an AMF
transmits, according to the stored N2 SM information, the PDU session information of
a UE to a target base station, the AMF does not need to interact with an SMF to obtain
the PDU session information of the UE, so that the handover delay is reduced, in the
handover preparation stage.
Brief Description of Drawings

Fig. 1 illustrates a wireless communication system according to various embodiments
of the present disclosure;

Fig. 2 illustrates the BS in the wireless communication system according to various
embodiments of the present disclosure;

Fig. 3 illustrates the terminal in the wireless communication system according to
various embodiments of the present disclosure;

Fig. 4 illustrates the communication interface in the wireless communication system
according to various embodiments of the present disclosure;

Fig. 5 illustrates a network entity in the wireless communication system according to
various embodiments of the present disclosure.

Fig. 6 is a system architecture diagram showing System Architecture Evolution
(SAE);

Fig. 7 is a schematic diagram of an initial overall architecture of 5G;

Fig. 8 is a schematic diagram of a first method for supporting handover according to
the present invention;

Fig. 9 is a schematic diagram of Embodiment 1 of the first method for supporting
handover according to the present invention;

Fig. 10 is a schematic diagram of a second method for supporting handover
according to the present invention;

Fig. 11 is a schematic diagram of a third method for supporting handover according
to the present invention;

Fig. 12 is a schematic diagram of a fourth method for supporting handover according

to the present invention;
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Fig. 13 is a schematic diagram of a fifth method for supporting handover according

to the present invention;
Fig. 14 is a schematic diagram of a sixth method for supporting handover according

to the present invention;

Fig. 15 is a schematic diagram of a method for supporting handover PDU session es-
tablishment according to the present invention; and

Fig. 16 is a schematic diagram of a seventh method for supporting handover
according to the present invention.

Best Mode for Carrying out the Invention

Hereinafter, in various embodiments of the present disclosure, hardware approaches
will be described as an example. However, various embodiments of the present
disclosure include a technology that uses both hardware and software and thus, the
various embodiments of the present disclosure may not exclude the perspective of
software.

Hereinafter, the present disclosure describes technology for an apparatus and method
for supporting handover in a wireless communication system.

The terms referring to the apparatus and method for supporting handover, the terms
referring to a signal, the terms referring to a channel, the terms referring to control in-
formation, the terms referring to a network entity, and the terms referring to elements
of a device used in the following description are used only for convenience of the de-
scription. Accordingly, the present disclosure is not limited to the following terms, and
other terms having the same technical meaning may be used.

Further, although the present disclosure describes various embodiments based on the
terms used in some communication standards (for example, 3rd Generation Partnership
Project (3GPP)), they are only examples for the description. Various embodiments of
the present disclosure may be easily modified and applied to other communication
systems.

FIG. 1 illustrates a wireless communication system according to various em-
bodiments of the present disclosure. In FIG. 1, a base station (BS) 110, a terminal 120,
and a terminal 130 are illustrated as the part of nodes using a wireless channel in a
wireless communication system. FIG. 1 illustrates only one BS, but another BS, which
is the same as or similar to the BS 110, may be further included.

The BS 110 is network infrastructure that provides wireless access to the terminals
120 and 130. The BS 110 has coverage defined as a predetermined geographical region
based on the distance at which a signal can be transmitted. The BS 110 may be referred
to as "access point (AP)," "eNodeB (eNB)," "Sth generation (5G) node," "wireless

"o

point," "transmission/reception Point (TRP)" as well as "base station."
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Each of the terminals 120 and 130 is a device used by a user, and performs commu-
nication with the BS 110 through a wireless channel. Depending on the case, at least
one of the terminals 120 and 130 may operate without user involvement. That is, at
least one of the terminals 120 and 130 is a device that performs machine-type commu-

nication (MTC) and may not be carried by the user. Each of the terminals 120 and 130

"o "o

may be referred to as "user equipment (UE)," "mobile station," "subscriber station,"
"remote terminal," "wireless terminal,” or "user device" as well as "terminal.”

The BS 110, the terminal 120, and the terminal 130 may transmit and receive
wireless signals in millimeter wave (mmWave) bands (for example, 28 GHz, 30 GHz,
38 GHz, and 60 GHz). At this time, in order to improve a channel gain, the BS 110, the
terminal 120, and the terminal 130 may perform beamforming. The beamforming may
include transmission beamforming and reception beamforming. That is, the BS 110,
the terminal 120, and the terminal 130 may assign directivity to a transmission signal
and a reception signal. To this end, the BS 110 and the terminals 120 and 130 may
select serving beams 112, 113, 121, and 131 through a beam search procedure or a
beam management procedure. After that, communications may be performed using
resources having a quasi co-located relationship with resources carrying the serving
beams 112, 113, 121, and 131.

A first antenna port and a second antenna ports are considered to be quasi co-located
if the large-scale properties of the channel over which a symbol on the first antenna
port is conveyed can be inferred from the channel over which a symbol on the second
antenna port is conveyed. The large-scale properties may include one or more of delay
spread, doppler spread, doppler shift, average gain, average delay, and spatial Rx pa-
rameters.

FIG. 2 illustrates the BS in the wireless communication system according to various
embodiments of the present disclosure. A structure exemplified at FIG. 2 may be un-
derstood as a structure of the BS 110. The term "-module”, "-unit" or "-er" used
hereinafter may refer to the unit for processing at least one function or operation and
may be implemented in hardware, software, or a combination of hardware and
software.

Referring to FIG. 2, the BS may include a wireless communication interface 210, a
backhaul communication interface 220, a storage unit 230, and a controller 240.

The wireless communication interface 210 performs functions for transmitting and
receiving signals through a wireless channel. For example, the wireless communication
interface 210 may perform a function of conversion between a baseband signal and
bitstreams according to a physical layer standard of the system. For example, in data
transmission, the wireless communication interface 210 generates complex symbols by

encoding and modulating transmission bitstreams. Further, in data reception, the
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wireless communication interface 210 reconstructs reception bitstreams by de-
modulating and decoding the baseband signal.

In addition, the wireless communication interface 210 up-converts the baseband
signal into an Radio Frequency (RF) band signal, transmits the converted signal
through an antenna, and then down-converts the RF band signal received through the
antenna into the baseband signal. To this end, the wireless communication interface
210 may include a transmission filter, a reception filter, an amplifier, a mixer, an os-
cillator, a digital-to-analog convertor (DAC), an analog-to-digital convertor (ADC),
and the like. Further, the wireless communication interface 210 may include a plurality
of transmission/reception paths. In addition, the wireless communication interface 210
may include at least one antenna array consisting of a plurality of antenna elements.

On the hardware side, the wireless communication interface 210 may include a
digital unit and an analog unit, and the analog unit may include a plurality of sub-units
according to operation power, operation frequency, and the like. The digital unit may
be implemented as at least one processor (e.g., a digital signal processor (DSP)).

The wireless communication interface 210 transmits and receives the signal as
described above. Accordingly, the wireless communication interface 210 may be
referred to as a "transmitter” a "receiver," or a "transceiver." Further, in the following
description, transmission and reception performed through the wireless channel may be
used to have a meaning including the processing performed by the wireless commu-
nication interface 210 as described above.

The backhaul communication interface 220 provides an interface for performing
communication with other nodes within the network. That is, the backhaul commu-
nication interface 220 converts bitstreams transmitted to another node, for example,
another access node, another BS, a higher node, or a core network, from the BS into a
physical signal and converts the physical signal received from the other node into the
bitstreams.

The storage unit 230 stores a basic program, an application, and data such as setting
information for the operation of the BS 110. The storage unit 230 may include a
volatile memory, a non-volatile memory, or a combination of volatile memory and
non-volatile memory. Further, the storage unit 230 provides stored data in response to
a request from the controller 240.

The controller 240 controls the general operation of the BS. For example, the
controller 240 transmits and receives a signal through the wireless communication
interface 210 or the backhaul communication interface 220. Further, the controller 240
records data in the storage unit 230 and reads the recorded data. The controller 240
may performs functions of a protocol stack that is required from a communication

standard. According to another implementation, the protocol stack may be included in



WO 2018/203734 PCT/KR2018/005233

[79]

[80]

[81]

[82]

[83]

[84]

the wireless communication interface 210. To this end, the controller 240 may include
at least one processor.

FIG. 3 illustrates the terminal in the wireless communication system according to
various embodiments of the present disclosure. A structure exemplified at FIG. 3 may

"

be understood as a structure of the terminal 120 or the terminal 130. The term "-
module”, "-unit" or "-er" used hereinafter may refer to the unit for processing at least
one function or operation, and may be implemented in hardware, software, or a com-
bination of hardware and software.

Referring to FIG. 3, the terminal 120 includes a communication interface 310, a
storage unit 320, and a controller 330.

The communication interface 310 performs functions for transmitting/receiving a
signal through a wireless channel. For example, the communication interface 310
performs a function of conversion between a baseband signal and bitstreams according
to the physical layer standard of the system. For example, in data transmission, the
communication interface 310 generates complex symbols by encoding and modulating
transmission bitstreams. Also, in data reception, the communication interface 310 re-
constructs reception bitstreams by demodulating and decoding the baseband signal. In
addition, the communication interface 310 up-converts the baseband signal into an RF
band signal, transmits the converted signal through an antenna, and then down-
converts the RF band signal received through the antenna into the baseband signal. For
example, the communication interface 310 may include a transmission filter, a
reception filter, an amplifier, a mixer, an oscillator, a DAC, and an ADC.

Further, the communication interface 310 may include a plurality of transmission/
reception paths. In addition, the communication interface 310 may include at least one
antenna array consisting of a plurality of antenna elements. In the hardware side, the
wireless communication interface 210 may include a digital circuit and an analog
circuit (for example, a radio frequency integrated circuit (RFIC)). The digital circuit
and the analog circuit may be implemented as one package. The digital circuit may be
implemented as at least one processor (e.g., a DSP). The communication interface 310
may include a plurality of RF chains. The communication interface 310 may perform
beamforming.

The communication interface 310 transmits and receives the signal as described
above. Accordingly, the communication interface 310 may be referred to as a
"transmitter," a "receiver," or a "transceiver." Further, in the following description,
transmission and reception performed through the wireless channel is used to have a
meaning including the processing performed by the communication interface 310 as
described above.

The storage unit 320 stores a basic program, an application, and data such as setting
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information for the operation of the terminal 120. The storage unit 320 may include a
volatile memory, a non-volatile memory, or a combination of volatile memory and
non-volatile memory. Further, the storage unit 320 provides stored data in response to
a request from the controller 330.

The controller 330 controls the general operation of the terminal 120. For example,
the controller 330 transmits and receives a signal through the communication interface
310. Further, the controller 330 records data in the storage unit 320 and reads the
recorded data. The controller 330 may performs functions of a protocol stack that is
required from a communication standard. According to another implementation, the
protocol stack may be included in the communication interface 310. To this end, the
controller 330 may include at least one processor or microprocessor, or may play the
part of the processor. Further, the part of the communication interface 310 or the
controller 330 may be referred to as a communication processor (CP).

FIG. 4 illustrates the communication interface in the wireless communication system
according to various embodiments of the present disclosure. FIG. 4 shows an example
for the detailed configuration of the communication interface 210 of FIG. 2 or the
communication interface 310 of FIG. 3. More specifically, FIG. 4 shows elements for
performing beamforming as part of the communication interface 210 of FIG. 2 or the
communication interface 310 of FIG. 3.

Referring to FIG. 4, the communication interface 210 or 310 includes an encoding
and circuitry 402, a digital circuitry 404, a plurality of transmission paths 406-1 to
406-N, and an analog circuitry 408.

The encoding and circuitry 402 performs channel encoding. For the channel
encoding, at least one of a low-density parity check (LDPC) code, a convolution code,
and a polar code may be used. The encoding and circuitry 402 generates modulation
symbols by performing constellation mapping.

The digital circuitry 404 performs beamforming for a digital signal (for example,
modulation symbols). To this end, the digital circuitry 404 multiples the modulation
symbols by beamforming weighted values. The beamforming weighted values may be
used for changing the size and phrase of the signal, and may be referred to as a
"precoding matrix" or a "precoder.” The digital circuitry 404 outputs the digitally
beamformed modulation symbols to the plurality of transmission paths 406-1 to 406-N.
At this time, according to a multiple input multiple output (MIMO) transmission
scheme, the modulation symbols may be multiplexed, or the same modulation symbols
may be provided to the plurality of transmission paths 406-1 to 406-N.

The plurality of transmission paths 406-1 to 406-N convert the digitally beamformed
digital signals into analog signals. To this end, each of the plurality of transmission

paths 406-1 to 406-N may include an inverse fast Fourier transform (IFFT) calculation
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unit, a cyclic prefix (CP) insertion unit, a DAC, and an up-conversion unit. The CP
insertion unit is for an orthogonal frequency division multiplexing (OFDM) scheme,
and may be omitted when another physical layer scheme (for example, a filter bank
multi-carrier: FBMC) is applied. That is, the plurality of transmission paths 406-1 to
406-N provide independent signal processing processes for a plurality of streams
generated through the digital beamforming. However, depending on the imple-
mentation, some of the elements of the plurality of transmission paths 406-1 to 406-N
may be used in common.

The analog circuitry 408 performs beamforming for analog signals. To this end, the
digital circuitry 404 multiples the analog signals by beamforming weighted values. The
beamformed weighted values are used for changing the size and phrase of the signal.
More specifically, according to a connection structure between the plurality of
transmission paths 406-1 to 406-N and antennas, the analog circuitry 408 may be
configured in various ways. For example, each of the plurality of transmission paths
406-1 to 406-N may be connected to one antenna array. In another example, the
plurality of transmission paths 406-1 to 406-N may be connected to one antenna array.
In still another example, the plurality of transmission paths 406-1 to 406-N may be
adaptively connected to one antenna array, or may be connected to two or more
antenna arrays.

FIG. 5 illustrates a network entity in the wireless communication system according to
various embodiments of the present disclosure. For example, the network entity may
be an Access Control and Mobility Management Function Entity (AMF), an User
Plane Function Entity (UMF) or a server. The term "-module"”, "-unit" or "-er" used
hereinafter may refer to the unit for processing at least one function or operation and
may be implemented in hardware, software, or a combination of hardware and
software.

Referring to FIG. 5, the network entity may include a backhaul communication
interface 510, a storage unit 520, and a controller 530.

The backhaul communication interface 510 provides an interface for performing
communication with other nodes within the network. That is, the backhaul commu-
nication interface 510 converts bitstreams transmitted to another node, for example,
another access node, a BS, a higher node, or a core network, from the network entity
into a physical signal and converts the physical signal received from the other node
into the bitstreams.

The storage unit 520 stores a basic program, an application, and data such as setting
information for the operation of the network entity. The storage unit 520 may include a
volatile memory, a non-volatile memory, or a combination of volatile memory and

non-volatile memory. Further, the storage unit 1320 provides stored data in response to
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a request from the controller 1330.

The controller 530 controls the general operation of the network entity. For example,
the controller 530 transmits and receives a signal through the backhaul communication
interface 1310. Further, the controller 530 records data in the storage unit 520 and
reads the recorded data. The controller 530 may performs functions of a protocol stack
that is required from a communication standard. To this end, the controller 1330 may
include at least one processor.

According to exemplary embodiments of the present disclosure, the controller 530
may receive from source base station whether a direct data forwarding path is
available, and determine data forwarding scheme based on the whether a direct data
forwarding path is available, and transmit to target base station, the determined data
forwarding scheme, and receive from target base station allocated data forwarding
tunnel information by target base station based on the data forwarding scheme, and
transmit to source base station, the allocated data forwarding tunnel information.

For example, the controller 530 may control the network entity to perform operations
according to the exemplary embodiments of the present disclosure.

As shown in Fig. 6, which is a system architecture diagram showing System Ar-
chitecture Evolution (SAE). Wherein:

A User Equipment (UE) 601 is a terminal equipment for receiving data. An Evolved
Universal Terrestrial Radio Access Network (E-UTRAN) 602 is a radio access
network in which a macro eNodeB/NodeB providing the UE with an interface for
accessing the radio network is included. A Mobile Management Entity (MME) 603 is
responsible for managing a movement context, a session context and security in-
formation for the UE. A Service Gateway (SGW) 604 mainly functions to provide a
user plane, and the MME 603 and the SGW 604 may be in a same physical entity. A
Packet Data Network Gateway (PGW) 605 is responsible for charging, lawful in-
terception or more, and the PGW 605 and the SGW 604 may also be in a same
physical entity. A Policy and Charging Rules Function Entity (PCRF) 606 provides
Quality of Service (QoS) policy and charging rules. A Serving GPRS Support Node
(SGSN) 608 is a network node equipment providing routing for data transport in a
Universal Mobile Telecommunication System (UMTS). A Home Subscriber Server
(HSS) 609 is a home subsystem of the UE, and is responsible for protecting user in-
formation such as the current location of the UE, the address of a serving node, user
security information, a packet data context of the UE.

As shown in Fig. 7, which is a system architecture diagram showing a next
generation network or a 5G network. Wherein:

A User Equipment (UE) 701 is a terminal equipment for receiving data. A Next
Generation Radio Access Network (NG-RAN) 702 is a radio access network in which
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a base station (a gNB or an eNB connected to a 5SG Core Network (5GC)) providing
the UE with an interface for accessing the radio network is included. An Access
Control and Mobility Management Function Entity (AMF) 703 is responsible for
managing a mobility context and security information for the UE. A User Plane
Function Entity (UPF) 704 provide a user plane function. A Session Management
Function Entity (SMF) 705 is responsible for session management. A Data Network
(DN) 706 contains services from operators, the access to Internet, third-party services
or more.

When the UE moves between two base stations in the NG-RAN, in order to ensure
the continuity of services, it is necessary to define a handover procedure, including a
handover between gNBs and a handover between a gNB and an eNB connected to the
5GC.

Fig. 8 shows a first method for supporting handover according to the present
invention. In this method, a source base station and a target base station can be gNBs
or eNBs connected to a 5GC, and a base station connected to a SGC may be an ng-
eNB. A core network entity can be an AMF. This method comprises the following
steps:

Step 801: A source base station informs a core network whether a direct data
forwarding path is available. The source base station can decide, based on the presence
or absence of an Xn interface between the source base station and a target base station,
whether the direct data forwarding path is available. Without influencing the main
contents of the present invention, the source base station can also decide whether to
perform direct data forwarding by considering other factors, for example, by con-
sidering the presence or absence of an IP connection between the source base station
and the target base station. The source base station informs, by a handover required
message, the core network whether the direct data forwarding path is available.

The source base station proposes downlink data forwarding. The downlink data
forwarding proposed by the source base station is specific to a PDU session, and/or a
Qos flow in a PDU session, and/or a DRB in a PDU session. In a source-to-target
transparent container or in a handover required message, the source base station
contains PDU session information requiring data forwarding and/or Qos flow in-
formation requiring data forwarding. The PDU session information contains a PDU
session identifier and/or the downlink data forwarding proposed by the source base
station. The Qos flow information contains a Qos flow identifier and/or the downlink
data forwarding proposed by the source base station. A mapping relationship from the
Qos flow in the PDU session to the DRB and/or DRB configuration information can
further be contained in the source-to-target transparent container. DRB information

requiring data forwarding can further be contained in the source-to-target transparent
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container. The DRB information contains a DRB identifier and/or the downlink data
forwarding proposed by the source base station. The source base station can contain
the DRB information requiring data forwarding only when the direct data forwarding
path is available. The mapping relationship from the Qos flow in the PDU session to
the DRB, the DRB configuration information and/or the DRB information requiring
data forwarding can also be contained in the handover required message.

Step 802: The core network decides whether to use direct data forwarding or indirect
data forwarding. The core network decides, according to the information indicating
whether the direct data forwarding path is available received from the source base
station, whether to use direct data forwarding or indirect data forwarding. The core
network can also decide, by considering other factors, whether to use direct data
forwarding or indirect data forwarding, without influencing the main contents of the
present invention.

Here, it is possible that an AMF or an SMF decides whether to use direct data
forwarding or indirect data forwarding. For a handover between different AMFs, if a
source AMF or SMF decides to use direct data forwarding, the source AMF informs a
target AMF of information about the direct data forwarding.

Step 803: The core network informs a target base station of information about the
direct data forwarding or indirect data forwarding. Here, the core network entity is an
AMF or a target AMF for handover between different AMFs. The AMF informs, by a
handover request message, the target base station of direct data forwarding or indirect
data forwarding. The AMF can inform the target base station of information about the
direct data forwarding when the direct data forwarding is used. When there is no in-
formation about the direct data forwarding in the handover request message, the target
base station knows that the direct data forwarding is impossible. The handover request
further contains information about a PDU session to be established. The information
about a PDU session to be established contains a PDU session identifier. The handover
request message contains a source-to-target transparent container. The information
contained in the source-to-target transparent container is the same as that in the step
801 and will not be repeated in detail herein.

Step 804: The target base station allocates data forwarding tunnel information. If the
target base station accepts the downlink data forwarding proposed by the source base
station, the target base station allocates data forwarding tunnel information.

The target base station knows, according to the handover request message received
from the AMF, whether to use direct data forwarding or indirect data forwarding.

For the indirect data forwarding, the target base station allocates user plane tunnel in-
formation for each PDU session requiring data forwarding, and the tunnel information

contains an address of a transport layer and a TEID. If the source base station proposes
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data forwarding for Qos flow(s) in the PDU session, the target base station can also
allocate user plane tunnel information for each Qos flow requiring data forwarding,
and the tunnel information contains an address of a transport layer and a TEID. The
source base station can know that the target base station has accepted the data
forwarding for a Qos flow, through user plane tunnel information corresponding to the
Qos flow. If the source base station proposes data forwarding for a Qos flow in the
PDU session and the target base station accepts the data forwarding for the Qos flow,
the target base station allocates data forwarding tunnel information for the corre-
spondingly PDU session to which the Qos flow belongs. For a Qos flow or Qos flows
that the target base station accepts the data forwarding, the target base station transmits
the indication information of accepting the data forwarding to the source base station,
so that the source base station knows which Qos flow or Qos flows in the PDU session
is accepted for data forwarding by the target base station. The target base station
transmits the tunnel information allocated for the corresponding PDU session to the
source base station.

If the source base station proposes the data forwarding for a DRB in a PDU session,
the target base station may also allocate user plane tunnel information to each DRB
that requires data forwarding. The tunnel information includes a transport layer address
and TEID. The source base station can know that the target base station has accepted
the data forwarding for the DRB, through the user plane tunnel information corre-
sponding to the DRB. If the source base station proposes the data forwarding for a
DRB in a PDU session, and the target base station accepts the data forwarding for the
DRB, the target base station allocates data forwarding tunnel information to the corre-
sponding PDU session of the DRB. For the DRB or DRBs that the target base station
accepts the data forwarding, the target base station transmits the indication information
of accepting the data forwarding to the source base station, so that the source base
station knows which DRB or DRBs in the PDU session is accepted for data forwarding
by the target base station. The target base station transmits tunnel information allocated
for the corresponding PDU session to the source base station.

For the direct data forwarding, the target base station has two ways to allocate tunnel
for data forwarding.

Way 1: The target base station allocates a user plane tunnel for each DRB requiring
data forwarding, and the user plane tunnel information contains an address of a
transport layer and a TEID. The target base station includes the tunnel information
allocated for data forwarding on a DRB in a target-to-source transparent container, or
includes the information directly in a handover request acknowledgement message for
being transmitted to an AMF. In case of direct data forwarding, the target base station

can allocate tunnel information per DRB for data forwarding. Or, according to the in-
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formation about a DRB of proposed data forwarding contained in the source-to-target
transparent container which is received from the source base station, the target base
station knows a DRB requiring data forwarding and then allocates tunnel information
for this DRB. The target base station further allocates user plane tunnel information for
each PDU session requiring data forwarding, and the tunnel information contains an
address of a transport layer and a TEID. If the source base station proposes data
forwarding for Qos flow(s) in the PDU session, the target base station can also allocate
user plane tunnel information for each Qos flow requiring data forwarding, and the
tunnel information contains an address of a transport layer and a TEID. The source
base station can know that the target base station has accepted the data forwarding for
a Qos flow, through user plane tunnel information corresponding to the Qos flow. If
the source base station proposes data forwarding for a Qos flow in a PDU session, and
the target base station accepts the data forwarding for the Qos flow, the target base
station allocates data forwarding tunnel information to the corresponding PDU session
to which the Qos flow belongs. For a Qos flow or Qos flows that the target base station
accepts the data forwarding, the target base station transmits the indication information
of accepting the data forwarding to the source base station, so that the source base
station knows which Qos flow or Qos flows in the PDU session is accepted for data
forwarding by the target base station. The target base station transmits the tunnel in-
formation allocated for the corresponding PDU session to the source base station.

Way 2: The target base station allocates a user plane tunnel for each DRB requiring
data forwarding, and the user plane tunnel information contains an address of a
transport layer and a TEID. The target base station includes the tunnel information
allocated for data forwarding for a DRB in a target-to-source transparent container, or
includes the information directly in a handover request acknowledgement message for
being transmitted to an AMF. In case of direct data forwarding, the target base station
can also allocate tunnel information per DRB for data forwarding. Or, according to the
information about a DRB of proposed data forwarding contained in the source-
to-target transparent container which is received from the source base station, the
target base station knows a DRB requiring data forwarding and then allocates tunnel
information for this DRB.

According to the proposal for data forwarding per PDU session, and/or per Qos flow
and/or per DRB given by the source base station, the target base station can allocate
the corresponding data forwarding tunnel information for the PDU session, the Qos
flow and/or the DRB. Or, based on the proposal given by the source base station and in
combination with whether to use the direct data forwarding or indirect data forwarding,
the target base station decides to allocate data forwarding tunnel information for the
PDU session, the Qos flow and/or the DRB. Or, according to whether to use the direct
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data forwarding or the indirect data forwarding, the target base station decides to
allocate data forwarding tunnel information for the PDU session, the Qos flow and/or
the DRB. In case of the indirect data forwarding, the target base station allocates tunnel
information for the PDU session and/or the Qos flow. In case of the direct data
forwarding, the target base station allocates tunnel information used for the PDU
session, the Qos flow and/or the DRB. If the source base station proposes data
forwarding for a Qos flow in a PDU session and the target base station accepts the data
forwarding for the Qos flow, the target base station allocates data forwarding tunnel in-
formation for the correspondingly PDU session to which the Qos flow belongs. For a
Qos flow or Qos flows that the target base station accepts the data forwarding, the
target base station transmits the indication information of accepting the data
forwarding to the source base station, so that the source base station knows which Qos
flow or Qos flows in the PDU session is accepted for data forwarding by the target
base station. The target base station transmits the tunnel information allocated for the
corresponding PDU session to the source base station. If the source base station
proposes the data forwarding for a DRB in a PDU session, the target base station may
also allocate user plane tunnel information to each DRB that requires data forwarding.
The tunnel information includes a transport layer address and TEID. The source base
station can know that the target base station has accepted the data forwarding for the
DRB, through the user plane tunnel information corresponding to the DRB. If the
source base station proposes the data forwarding for a DRB in a PDU session, and the
target base station accepts the data forwarding for the DRB, the target base station
allocates data forwarding tunnel information to the corresponding PDU session to
which the DRB belongs. For the DRB or DRBs that the target base station accepts the
data forwarding, the target base station transmits the indication information of
accepting the data forwarding to the source base station, so that the source base station
knows which DRB or DRBs in the PDU session is accepted for data forwarding by the
target base station. The target base station transmits tunnel information allocated for
the corresponding PDU session to the source base station.

The target base station can also decide whether to allocate tunnel information used
for DRB-level data forwarding, by considering whether the same DRB configuration
and the same mapping from the Qos flow to the DRB as the source base station are
used or a full configuration is used. If the target base station uses the same DRB con-
figuration and the same mapping from the Qos flow to the DRB as the source base
station, the target base station allocates tunnel information for the DRB-level data
forwarding. If the target base station uses the full configuration, the target base station
does not allocate tunnel information for the DRB-level data forwarding and instead

allocates tunnel information used for PDU session-level and/or Qos flow-level data
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forwarding. This method is suitable for Xn handover and NG handover.

On the basis of considering whether the DRB configuration and the mapping from
the Qos flow to the DRB are the same as the source base station or whether the full
configuration is used, the target base station can also take whether to use the direct data
forwarding or indirect data forwarding into consideration so as to decide whether to
allocate tunnel information used for the DRB-level data forwarding. If the target base
station uses the same DRB configuration and the same mapping from the Qos flow to
the DRB as the source base station and the direct data forwarding is used, the target
base station allocates tunnel information for the DRB-level data forwarding. If the
target base station uses the full configuration or the indirect data forwarding, the target
base station does not allocate tunnel information for the DRB-level data forwarding
and instead allocates tunnel information used for PDU session-level and/or Qos flow-
level data forwarding.

The foregoing description is mainly specific to the downlink data forwarding.

The target base station proposes uplink data forwarding. The uplink data forwarding
proposed by the target base station is specific to a PDU session, a Qos flow and/or a
DRB. When the target base station uses the same DRB configuration and the same
mapping from the Qos flow to the DRB as the source base station and the direct data
forwarding is used, the target base station can propose data forwarding per DRB. In
this case, the data forwarding for the PDU session can also be performed simul-
taneously. When the target base station does not use the same DRB configuration as
the source base station or uses a mapping from the Qos flow to the DRB different from
the source base station or uses the indirect data forwarding, the target base station
proposes data forwarding for the PDU session or the Qos flow. The target base station
allocates, according to the proposed uplink data forwarding, corresponding data
forwarding tunnel(s). When the target base station proposes uplink data forwarding for
a Qos flow or DRB, the target base station may allocate uplink data forwarding tunnel
information for the PDU session to which the Qos flow or DRB belongs. The message
transmitted by the target base station to the source base station contains a Qos flow
identifier and/or DRB identifier proposed for data forwarding.

For the uplink data forwarding, the target base station can propose data forwarding
for the PDU session, and the target base station allocates uplink data forwarding tunnel
information for the PDU session proposed for the data forwarding.

Step 805: The target base station transmits the allocated data forwarding tunnel in-
formation to the core network. For different data forwarding methods in the step 804,
the data forwarding tunnel information can be specific to each PDU session, each Qos
flow and/or each DRB. The data forwarding tunnel information can be contained in a

target-to-source transparent container and/or a handover request acknowledgement
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message. Preferably, the data forwarding tunnel information corresponding to the DRB
can be contained in the target-to-source transparent container. The data forwarding
tunnel information contains downlink data forwarding tunnel information and/or
uplink data forwarding tunnel information. For the direct data forwarding, the AMF
transmits the tunnel information allocated by the target base station to the source base
station. If the target base station contains direct data forwarding tunnel information in
the target-to-source transparent container, the information is invisible to the AMF and
directly transmitted to the source base station by the AMF. If handover is performed
between different AMFs, a target AMF transmits the tunnel information allocated by
the target base station to the source base station via a source AMF.

If the source base station proposes data forwarding for a Qos flow in a PDU session
and the target base station accepts the data forwarding for the Qos flow, the target base
station allocates data forwarding tunnel information for the correspondingly PDU
session to which the Qos flow belongs. For a Qos flow or Qos flows that the target
base station accepts the data forwarding, the target base station transmits the indication
information of accepting the data forwarding to the source base station, so that the
source base station knows which Qos flow or Qos flows in the PDU session is
accepted for data forwarding by the target base station. The target base station
transmits the tunnel information allocated for the corresponding PDU session to the
source base station. If the source base station proposes the data forwarding for a DRB
in a PDU session, the target base station may also allocate user plane tunnel in-
formation to each DRB that requires data forwarding. The tunnel information includes
a transport layer address and TEID. The source base station can know that the target
base station has accepted the data forwarding for the DRB, through the user plane
tunnel information corresponding to the DRB. If the source base station proposes the
data forwarding for a DRB in a PDU session, and the target base station accepts the
data forwarding for the DRB, the target base station allocates data forwarding tunnel
information to the corresponding PDU session of the DRB. For the DRB or DRBs that
the target base station accepts the data forwarding, the target base station transmits the
indication information of accepting the data forwarding to the source base station, so
that the source base station knows which DRB or DRBs in the PDU session is accepted
for data forwarding by the target base station. The target base station transmits tunnel
information allocated for the corresponding PDU session to the source base station.

For the indirect data forwarding, the AMF requests, through an SMF, an UPF to
allocate indirect data forwarding tunnel information. The indirect data forwarding
tunnel information is used for data forwarding from the source base station to the UPF.
Meanwhile, the AMF transmits, through the SMF and to the UPF, the data forwarding

tunnel information allocated by the target base station, for data forwarding from the
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UPF to the target base station. The UPF transmits the allocated data forwarding tunnel
information to the AMF through the SMF. The tunnel information is specific to each
PDU session or each Qos flow in each PDU session. The tunnel information can also
be specific to each DRB. The tunnel information contains an address of a transport
layer and a tunnel identifier TEID.

For the handover between different AMFs, a target AMF requests, by an SMF, a
target UPF to allocate indirect data forwarding tunnel information. The target UPF
transmits the allocated data forwarding tunnel information to the target AMF through
the SMF. The tunnel information is used for data forwarding from a source UPF to the
target UPF. The target AMF transmits, to a source AMF, the data forwarding tunnel in-
formation allocated by the target UPF. The source AMF requests, by the SMF, the
source UPF to allocate indirect data forwarding tunnel information. The tunnel in-
formation is used for data forwarding from the source base station to the source UPF.
The source AMF transmits, by the SMF and to the source UPF, the data forwarding
tunnel information allocated by the target UPF, for data forwarding from the source
UPF to the target UPF.

For the indirect data forwarding, the AMF transmits, to the source base station, the
data forwarding tunnel information allocated by an UPF. If the UPF changes during a
handover process, the AMF transmits, to the source base station, the data forwarding
tunnel information allocated by the source UPF.

In downlink, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can further
perform data forwarding according to the received indication information of data
forwarding accepted for a Qos flow and/or indication information of data forwarding
accepted for a DRB, and perform data forwarding on the data of the Qos flow or DRB
on a corresponding data forwarding tunnel. The data forwarding tunel is per each Qos
flow, per each DRB or per each PDU session. The data forwarding can be direct data
forwarding or indirect data forwarding. For the direct data forwarding, data not ac-
knowledged by a UE and/or data allocated with a PDCP SN can be forwarded through
a tunnel for each DRB. Fresh data can be forwarded through a tunnel corresponding to
each PDU session or a tunnel corresponding to each Qos flow. The forwarded data can
be a GTP-U data packet, an SDAP data packet or a PDCP data packet. The PDCP data
packet can be a data packet containing a PDCP SN or a data packet containing no
PDCP SN. For the indirect data forwarding, the data forwarded by the tunnel corre-
sponding to each PDU session can be a GTP-U data packet, an SDAP data packet or a
PDCP data packet. The PDCP data packet can be a data packet containing a PDCP SN
or a data packet containing no PDCP SN. For the direct data forwarding or indirect

data forwarding, data can also be transmitted to the target base station through a tunnel
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corresponding to each Qos flow.

The target base station decides whether to use the same DRB configuration and the
same mapping from the Qos flow to the DRB as the source base station, or use a full
configuration.

The target base station informs the source base station of information indicating
whether the same DRB configuration and the same mapping from the Qos flow to the
DRB as the source base station are used, or the full configuration is used. If the full
configuration is used, the source base station forwards only fresh downlink data to the
target base station. If the target base station uses the same DRB configuration and the
same mapping from the Qos flow to the DRB as the source base station, the source
base station forwards, to the target base station, downlink data not acknowledged by a
UE, data not transmitted to the UE, data allocated with a PDCP SN and/or fresh data.
This method is suitable for Xn handover and NG handover. For the NG handover, the
target base station can transmits, by a target-to-source transparent container to the
source base station, information indicating whether the same DRB configuration and
the same mapping from the Qos flow to the DRB as the source base station are used or
the full configuration is used. Or, the target base station transmits the information to
the source base station through an NGAP message, a handover request acknowl-
edgement message and a handover command message.

In uplink, if the source base station accepts the data forwarding proposed by the
target base station, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding on the data of the Qos flow or DRB in a corresponding data forwarding
tunnel, if the source base station accepts the uplink data forwarding, according to a Qos
flow, DRB or PDU session proposed for data forwarding by the target base station.
The data forwarding tunnel information can correspond to a Qos flow, DRB or PDU
session. The data forwarding can be direct data forwarding or indirect data forwarding.

So far, the first method for supporting handover according to the present invention
has been described. By this method, the target base station can know whether direct
data forwarding or indirect data forwarding is used for the handover, so that different
data forwarding tunnels are allocated to support different data forwarding methods.
Consequently, the loss of data is avoided, and the continuity of services is ensured.

Fig. 9 shows Embodiment 1 of the first method of the present invention. This em-
bodiment will be described by taking both the source base station and the target base
station being gNBs as example. Actually, this embodiment is also applicable to a
situation where the source base station is an eNB connected to the 5GC or the target
base station is an eNB connected to the 5GC, and a base station connected to a SGC

may also be an ng-eNB. Here, the detailed description of steps irrelevant to the present
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invention has been omitted. This embodiment comprises the following steps.

Step 901: A source gNB (S-gNB) decides to initiate a handover to a UE.

Step 902: The S-gNB transmits a handover required message to an AMF.

The source base station proposes downlink data forwarding. The downlink data
forwarding proposed by the source base station is specific to a PDU session, and/or a
Qos flow in a PDU session, and/or a DRB in a PDU session.

The message contains information about whether the direct data forwarding path is
available. When the direct data forwarding path is available, the S-gNB can contain in-
formation indicating that the direct data forwarding path is available. Through the
absence of the direct data forwarding path information element, the AMF knows that
the direct data forwarding path is not available. The source base station can decide,
based on the presence or absence of an Xn interface between the source base station
and a target base station, whether the direct data forwarding path is available. Without
influencing the main contents of the present invention, the source base station can also
decide whether to perform direct data forwarding by considering other factors, for
example, by considering the presence or absence of an IP connection between the
source base station and the target base station.

In a source-to-target transparent container or in a handover required message, the
source base station contains PDU session information requiring data forwarding and/or
Qos flow information requiring data forwarding. The PDU session information
contains a PDU session identifier and/or the downlink data forwarding proposed by the
source base station. The Qos flow information contains a Qos flow identifier and/or the
downlink data forwarding proposed by the source base station. A mapping relationship
from the Qos flow in the PDU session to the DRB and/or DRB configuration in-
formation can further be contained in the source-to-target transparent container. DRB
information requiring data forwarding can further be contained in the source-to-target
transparent container or in a handover required message. The DRB information
contains a DRB identifier and/or the downlink data forwarding proposed by the source
base station. The source base station can contain the DRB information requiring data
forwarding only when the direct data forwarding path is available. The mapping rela-
tionship from the Qos flow in the PDU session to the DRB, the DRB configuration in-
formation and/or the DRB information requiring data forwarding can also be contained
in the handover required message.

As another method of this embodiment, a list of PDU session information of the UE
can be contained in the handover required message. The PDU session information of
the UE contains a PDU session identifier, PDU session Qos information, and/or a list
of Qos flow information contained in the PDU session. The list of Qos flow in-

formation contains a Qos flow identifier and/or Qos information of the Qos flow. The
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PDU session information can further contain information about an NG interface SM.
In this method, the steps 903, 904 and 905 may not be executed.

Step 903: The AMF transmits a PDU handover request message to an SMF. This
message is specific to each PDU session on which an NG handover is request to be
performed. This message contains a PDU session identifier and a target identifier.

Step 904: The SMF transmits a PDU handover response message to the AMF. This
message contains a PDU session identifier and information of Session Management
(SM) at an NG-C interface. The SMF selects an UPF having an interface with a target
gNB.

Step 905: The AMF detects the PDU handover response message from each SMF.
When the AMF receives all PDU handover responses or the maximum waiting time
arrives, the handover process is continuously executed. The AMF decides whether to
use direct data forwarding or indirect data forwarding. The AMF decides, according to
the information indicating whether the direct data forwarding path is available received
from the S-gNB, whether to use direct data forwarding or indirect data forwarding. The
AMF can also decide, by considering other factors, whether to use direct data
forwarding or indirect data forwarding, without influencing the main contents of the
present invention. The AMF decides whether the data forwarding is possible. The in-
feasibility of the data forwarding can be specific to each PDU session.

For a handover between different AMFs, if a source AMF or a source SMF decides
to use direct data forwarding, the source AMF informs a target AMF of information
about the direct data forwarding. The source AMF informs the target AMF of in-
formation indicating whether the data forwarding is possible.

Step 906: The AMF transmits a handover request message to a target gNB (T-gNB).
This message contains a source-to-target transparent container. This message contains
the information of the SM, at the NG-C interface, received from the SMF in the step
904. This message contains the direct data forwarding or indirect data forwarding. The
AMEF can inform the target base station of the direct data forwarding when the direct
data forwarding is used. When there is no direct data forwarding in the handover
request message, the target base station knows that the direct data forwarding is im-
possible. The handover request further contains information about a PDU session to be
established. The information about a PDU session to be established contains a PDU
session identifier. This message contains information indicating that the data
forwarding is impossible. The infeasibility of the data forwarding can be specific to
each PDU session. If this message contains the direct data forwarding or indirect data
forwarding or absence of information element indicating that the data forwarding is
impossible, it is indicated that the data forwarding is possible. For a certain PDU

session, if there is no any information element indicating that the data forwarding is



WO 2018/203734 PCT/KR2018/005233

[145]

[146]

[147]

[148]

[149]

23

impossible, it is indicated that the data forwarding for the PDU session is possible. The
handover request message contains a source-to-target transparent container. The in-
formation contained in the source-to-target transparent container is the same as that in
the step 801 and will not be repeated in detail herein.

A specific method for allocating data forwarding tunnels by the T-gNB is the same as
that in the step 804 and will not be repeated in detail herein. A specific method for
proposing, by the T-gNB, uplink data forwarding and allocating uplink data
forwarding tunnel(s) is the same as that in the step 804 and will not be repeated here.

The target base station decides whether to use the same DRB configuration and the
same mapping from the Qos flow to the DRB as the source base station, or use a full
configuration.

The target base station informs the source base station of information indicating
whether the same DRB configuration and the same mapping from the Qos flow to the
DRB as the source base station are used, or the full configuration is used. The target
base station can transmit the information to the source base station through a target-
to-source transparent container. Or, the target base station transmits the information to
the source base station through the handover request acknowledgement message in the
step 907 and the handover command message in the step 912.

Step 907: The T-gNB transmits a handover request acknowledgement message to the
AMEF. This message contains the data forwarding tunnel information allocated by the
target base station. This message contains a target-to-source transparent container. This
message contains a list of established PDU sessions and/or a list of unsuccessfully es-
tablished PDU sessions. For an established PDU session, this message contains suc-
cessfully established Qos flows and unsuccessfully established Qos flows. For
different data forwarding methods in the step 804, the data forwarding tunnel in-
formation can be specific to each PDU session and/or each Qos flow and/or each DRB.
The data forwarding tunnel information can be contained in a target-to-source
transparent container and/or a handover request acknowledgement message.
Preferably, the data forwarding tunnel information corresponding to the DRB can be
contained in the target-to-source transparent container.

If the source base station proposes data forwarding for a Qos flow in a PDU session,
and if the Qos flow is successfully established and the target base station accepts data
forwarding for the Qos flow(s), the target base station may allocate data forwarding
tunnel information for the PDU session to which the Qos flow belongs. For a Qos flow
or Qos flows that the target base station accepts the data forwarding, the target base
station transmits the indication information of accepting the data forwarding to the
source base station, so that the source base station knows which Qos flow or Qos flows

in the PDU session is accepted for data forwarding by the target base station. The
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target base station transmits the tunnel information allocated for the corresponding
PDU session to the source base station.

If the source base station proposes the data forwarding for a DRB in a PDU session,
and if the DRB is successfully established, the target base station may also allocate
user plane tunnel information including the address of a transport layer and TEID to
each DRB that requires data forwarding. The source base station can know that the
target base station has accepted the data forwarding for the DRB, through the user
plane tunnel information corresponding to the DRB. If the source base station proposes
the data forwarding for a DRB in a PDU session, and if the DRB is successfully es-
tablished and the target base station accepts the data forwarding for the DRB, the target
base station allocates data forwarding tunnel information to the PDU session to which
the DRB belongs. For the DRB or DRBs that the target base station accepts the data
forwarding, the target base station transmits the indication information of accepting the
data forwarding to the source base station, so that the source base station knows which
DRB or DRBs in the PDU session is accepted for data forwarding by the target base
station. The target base station transmits tunnel information allocated for the corre-
sponding PDU session to the source base station.

The target base station proposes uplink data forwarding. The handover request ac-
knowledgement message contains PDU session information, Qos flow information
and/or DRB information proposed for data forwarding by the target base station. If the
target base station proposes uplink data forwarding for a PDU session, the target base
station allocates PDU-level tunnel information to the PDU session. If the target base
station proposes uplink data forwarding for a Qos flow, the target base station may
allocate Qos flow-level tunnel information or PDU session-level tunnel information,
and for the PDU session-level tunnel information, the target base station contains an
identifier of the Qos flow proposing uplink data forwarding in the handover request ac-
knowledgement message. If the target base station proposes uplink data forwarding for
a DRB, the target base station may allocate DRB-level tunnel information or PDU
session-level tunnel information, and for the PDU session-level tunnel information,
target base station contains an identifier of the DRB proposing uplink data forwarding
in the handover request acknowledgement message. The specific method is the same as
describe in step 804 and will not be described in detail herein.

Step 908: The AMF transmits a PDU modification request message to the SMF. This
message contains the indirect data forwarding tunnel information allocated by the T-
gNB. The AMF can transmit, by modifying the PDU request message and to the SMF,
the indirect data forwarding tunnel information allocated by the T-gNB and then
request to allocate tunnel information used for data forwarding from the S-gNB to the

UPF; or the AMF can transmit, by another single message, the indirect data forwarding
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tunnel information allocated by the T-gB and then request to allocate tunnel in-
formation used for data forwarding from the S-gNB to the UPF.

For the handover between different AMFs, a target AMF requests, by an SMF, a
target UPF to allocate indirect data forwarding tunnel information. The target UPF
transmits the allocated data forwarding tunnel information to the target AMF through
the SMF. The tunnel information is used for data forwarding from a source UPF to the
target UPF. The target AMF transmits, to a source AMF, the data forwarding tunnel in-
formation allocated by the target UPF. The source AMF requests, by the SMF, the
source UPF to allocate indirect data forwarding tunnel information, and the tunnel in-
formation is used for data forwarding from the source base station to the source UPF.
The source AMF transmits, by the SMF and to the source UPF, the data forwarding
tunnel information allocated by the target UPF, for data forwarding from the source
UPF to the target UPF.

Step 909: The SMF transmits a create indirect data forwarding tunnel request
message to the UPF, sends the indirect data forwarding tunnel information allocated by
the T-gNB to the UPF, and requests the UPF to allocate tunnel information used for
data forwarding from the S-gNB to the UPF. The message can also be a session modi-
fication message between the SMF and the UPF. The SMF can request the UPF to
establish indirect data forwarding tunnel only when receiving the indirect data
forwarding tunnel information allocated by the T-gNB.

Step 910: The UPF transmits an indirect data forwarding tunnel establishment
response message to the SMF. This message can also be a session modification
response message between the SMF and the UPF. This message contains the data
forwarding tunnel information from the S-gNB to the UPF allocated by the UPF. The
tunnel information can be specific to each PDU session and/or each Qos flow in each
PDU session. The tunnel information can also be specific to a DRB.

Step 911: The SMF transmits a PDU modification response message to the AMF.
This message contains the data forwarding tunnel information from the S-gNB to the
UPF allocated by the UPF. The SMF can transmit, by another single message and to
the AMF, the indirect data forwarding tunnel information allocated by the UPF.

Step 912: The AMF transmits a handover command message to the S-gNB. This
message contains a target-to-source transparent container. For the indirect data
forwarding, the AMF transmits, to the source base station, the data forwarding tunnel
information allocated by the UPF. If the UPF changes during a handover process, the
AMF transmits, to the source base station, the data forwarding tunnel information
allocated by the source UPF. For a successfully established Qos flow, the message may
also contain an indication that the target base station has accepted data forwarding for

the Qos flow. For a successfully established DRB, the message may also contain an in-
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dication that the target base station has accepted data forwarding for the DRB. The
message also contains Qos flow information proposed for uplink data forwarding by
the target base station or DRB information proposed for uplink data forwarding by the
target base station or PDU session information proposed for uplink data forwarding by
the target base station. The information may be tunnel identifier information allocated
for data forwarding or uplink data forwarding proposal information corresponding to a
Qos flow or DRB.

Step 913: The S-gNB transmits a handover command message to a UE.

In downlink, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding according to the received indication information of data forwarding
accepted for a Qos flow and/or indication information of accepting data forwarding for
a DRB, and perform data forwarding on the data of the Qos flow or DRB on a corre-
sponding data forwarding tunnel. The data forwarding tunnel is corresponding to each
Qos flow, each DRB or each PDU session. The data forwarding can be direct data
forwarding or indirect data forwarding. For the direct data forwarding, data not ac-
knowledged by a UE and/or data allocated with a PDCP SN can be forwarded through
a tunnel for each DRB. Fresh data can be forwarded by a tunnel corresponding to each
PDU session. The forwarded data can be a GTP-U data packet, an SDAP data packet
or a PDCP data packet. The PDCP data packet can be a data packet containing a PDCP
SN or a data packet containing no PDCP SN. For the indirect data forwarding, the data
forwarded by the tunnel corresponding to each PDU session can be a GTP-U data
packet, an SDAP data packet or a PDCP data packet. The PDCP data packet can be a
data packet containing a PDCP SN or a data packet containing no PDCP SN. For the
direct data forwarding or indirect data forwarding, data can also be transmitted to the
target base station through a tunnel corresponding to each Qos flow.

If the target base station uses the full configuration, the source base station forwards
only fresh data to the target base station. If the target base station uses the same DRB
configuration and the same mapping from the Qos flow to the DRB as the source base
station, the source base station forwards, to the target base station, data not ac-
knowledged by the UE, data not transmitted to the UE and/or fresh data.

In uplink, if the source base station accepts the data forwarding proposed by the
target base station, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding on the data of a Qos flow or DRB on a corresponding data forwarding
tunnel, if the source base station accepts the uplink data forwarding, according to a Qos
flow, DRB or PDU information proposed for data forwarding by the target base

station. The data forwarding tunnel information can be per Qos flow, per DRB or per
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PDU session. The data forwarding can be direct data forwarding or indirect data
forwarding.

Step 914: The UE transmits a handover completion message to the T-gNB.

Step 915: The T-gNB transmits a handover notification message to the AMF.

Step 916: The AMF transmits a handover completion message to the SMF. This
message contains the PDU session identifier. This message is specific to each PDU
session.

Step 917: The SMF transmits a handover completion acknowledgement message to
the AMF. The SMF needs to inform the selected UPF the information indicating that
the downlink user plane tunnel is handed over to the T-gNB, that is, the downlink
tunnel information allocated by the T-gNB.

Step 918: The AMF transmits a UE context release command message to the S-gNB.

Step 919: The S-gNB transmits a UE context release completion message to the
AMF.

So far, Embodiment 1 of the first method of the present invention has been described.
By the method in this embodiment, different data forwarding methods can be
supported, the loss of data can be avoided and the continuity of services can be
ensured.

Fig. 10 shows a second method for supporting handover according to the present
invention. This method will be described by taking both a source base station and a
target base station being gNBs as example. Actually, this method is also suitable for a
situation where the source base station is an eNB connected to the 5GC or the target
base station is an eNB connected to the 5GC, and a base station connected to a SGC
may also be an ng-eNB. Here, the detailed description of steps irrelevant to the present
invention has been omitted. This embodiment comprises the following steps.

Step 1001: A source gNB (S-gNB) decides to initiate a handover to a UE.

Step 1002: The S-gNB transmits a handover request message to a target gNB
(T-gNB).

The source base station proposes downlink data forwarding.

The downlink data forwarding proposed by the source base station is specific to a
PDU session, and/or a Qos flow in a PDU session, and/or a DRB in a PDU session.

In a source-to-target transparent container or in a handover required message, the
source base station contains PDU session information requiring data forwarding and/or
Qos flow information requiring data forwarding. The PDU session information
contains a PDU session identifier and/or the downlink data forwarding proposed by the
source base station. The Qos flow information contains a Qos flow identifier and/or the
downlink data forwarding proposed by the source base station. A mapping relationship
from the Qos flow in the PDU session to the DRB and/or DRB configuration in-
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formation can further be contained in the source-to-target transparent container or in
the handover request message. DRB information requiring data forwarding can further
be contained in the source-to-target transparent container or in a handover request
message. The DRB information contains a DRB identifier and/or the downlink data
forwarding proposed by the source base station.

Step 1003: The T-gNB transmits a handover request acknowledgement message to
the S-gNB.

The target base station decides whether to use the same DRB configuration and the
same mapping from the Qos flow to the DRB as the source base station, or use a full
configuration.

If the base station decides to use the same DRB configuration and the same mapping
from the Qos flow to the DRB as the source base station, the target base station
allocates downlink data forwarding tunnel information used for each DRB requiring
data forwarding. The target base station can also allocate downlink data forwarding
tunnel information used for the PDU session requiring data forwarding, simul-
taneously.

If the target base station uses the full configuration, the target base station allocates
downlink data forwarding tunnel information for the PDU session requiring data
forwarding.

The target base station informs the source base station of information indicating
whether the same DRB configuration and the same mapping from the Qos flow to the
DRB as the source base station are used, or the full configuration is used. The target
base station can transmit the information to the source base station through a target-
to-source transparent container. Or, the target base station transmits the information to
the source base station through the handover request acknowledgement message.

The T-gNB informs the S-gNB of the allocated downlink data forwarding tunnel in-
formation.

If the source base station proposes data forwarding for a Qos flow in a PDU session,
and if the Qos flow is successfully established and the target base station accepts data
forwarding for the Qos flow(s), the target base station may allocate data forwarding
tunnel information for the PDU session to which the Qos flow belongs. For a Qos flow
or Qos flows that the target base station accepts the data forwarding, the target base
station transmits the indication information of accepting the data forwarding to the
source base station, so that the source base station knows which Qos flow or Qos flows
in the PDU session is accepted for data forwarding by the target base station. The
target base station transmits the tunnel information allocated for the corresponding
PDU session to the source base station.

If the source base station proposes the data forwarding for a DRB in a PDU session,
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and if the DRB is successfully established, the target base station may also allocate
user plane tunnel information including the address of a transport layer and TEID to
each DRB that requires data forwarding. The source base station can know that the
target base station has accepted the data forwarding for the DRB, through the user
plane tunnel information corresponding to the DRB. If the source base station proposes
the data forwarding for a DRB in a PDU session, and if the DRB is successfully es-
tablished and the target base station accepts the data forwarding for the DRB, the target
base station allocates data forwarding tunnel information to the PDU session to which
the DRB belongs. For the DRB or DRBs that the target base station accepts the data
forwarding, the target base station transmits the indication information of accepting the
data forwarding to the source base station, so that the source base station knows which
DRB or DRBs in the PDU session is accepted for data forwarding by the target base
station. The target base station transmits tunnel information allocated for the corre-
sponding PDU session to the source base station.

The target base station proposes uplink data forwarding. The target base station
proposes UL data forwarding for per PDU session, and/or per Qos flow and/or per
DRB. The handover request acknowledgement message contains PDU session in-
formation, Qos flow information and/or DRB information proposed for data
forwarding by the target base station. If the target base station proposes uplink data
forwarding for a PDU session, the target base station allocates PDU-level tunnel in-
formation to the PDU session. If the target base station proposes uplink data
forwarding for a Qos flow, the target base station may allocate Qos flow-level tunnel
information or PDU session-level tunnel information, and for the PDU session-level
tunnel information, the target base station contains an identifier of the Qos flow
proposing uplink data forwarding in the handover request acknowledgement message.
If the target base station proposes uplink data forwarding for a DRB, the target base
station may allocate DRB-level tunnel information or PDU session-level tunnel in-
formation, and for the PDU session-level tunnel information, target base station
contains an identifier of the DRB proposing uplink data forwarding in the handover
request acknowledgement message. The specific method is the same as describe in step
804 and will not be described in detail herein. When the target base station uses the
same DRB configuration and the same mapping from the Qos flow to the DRB as the
source base station, the target base station can propose data forwarding per DRB. In
this case, the data forwarding per PDU session can be performed simultaneously.
When the target base station does not use the same DRB configuration as the source
base station or uses a mapping from the Qos flow to the DRB different from the source
base station, the target base station proposes data forwarding for the PDU session. The

target base station allocates, according to the proposed uplink data forwarding, corre-
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sponding data forwarding tunnel(s).

For the uplink data forwarding, the target base station can propose data forwarding
per PDU session, and the target base station allocates uplink data forwarding tunnel in-
formation for the PDU session requiring the data forwarding.

The T-gNB informs the S-gNB of the allocated uplink data forwarding tunnel in-
formation.

The handover request acknowledgement message further contains a target-to-source
transparent container. This message contains a list of established PDU sessions and/or
a list of unsuccessfully established PDU sessions. This message can further contain a
list of established DRBs in the PDU session and a list of unsuccessfully established
DRBs. For the established DRBs, the message can further contain an indication that
the target base station accepts the data forwarding. This message can further contain a
list of established Qos flows in the PDU session and a list of unsuccessfully established
Qos flows. For the established Qos flows, the message can further contain an in-
dication that the target base station accepts the data forwarding.

Step 1004: The S-gNB transmits a handover command message to a UE.

In downlink, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding according to the received indication information of data forwarding
accepted for a Qos flow and/or indication information of data forwarding accepted for
a DRB, and perform data forwarding on the data of the Qos flow or DRB on a corre-
sponding data forwarding tunnel. The data forwarding tunnel is corresponding to each
Qos flow, each DRB or each PDU session. Data not acknowledged by the UE and/or
data allocated with a PDCP SN can be forwarded through a tunnel for each DRB.
Fresh data can be forwarded by a tunnel corresponding to each PDU session. The
forwarded data can be a GTP-U data packet, an SDAP data packet or a PDCP data
packet. The PDCP data packet can be a data packet containing a PDCP SN or a data
packet containing no PDCP SN. The data can also be transmitted to the target base
station through a tunnel corresponding to each Qos flow.

If the target base station uses the full configuration, the source base station forwards
only fresh data to the target base station. If the target base station uses the same DRB
configuration and the same mapping from the Qos flow to the DRB as the source base
station, the source base station forwards, to the target base station, data not ac-
knowledged by the UE, data allocated with a PDCP SN, data not transmitted to the UE
and/or fresh data.

In uplink, if the source base station accepts the data forwarding proposed by the
target base station, the source base station performs data forwarding according to the

received data forwarding tunnel information. The source base station can perform data
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forwarding on the data of a Qos flow or DRB on a corresponding data forwarding
tunnel, if the source base station accepts the uplink data forwarding, according to a Qos
flow, DRB or PDU information proposed for data forwarding by the target base
station. The data forwarding tunnel information can be per Qos flow, per DRB or per
PDU session.

Step 1005: The S-gNB transmits a sequence number (SN) status transfer message to
the T-gNB. The message contains downlink transmission and uplink reception status in
the source gNB for data. This step may or may not be included in the present invention
without affecting the main content of the present invention.

Step 1006: The UE transmits a handover completion message to the T-gNB.

Step 1007: The T-gNB transmits a path switch request message to an AMF.

Step 1007: The AMF transmits a PDU modification request message to the SMF.
This message contains downlink user plane tunnel information allocated by the T-gNB.

Step 1009: The SMF transmits, to an UPF, the downlink user plane tunnel in-
formation allocated by the T-gNB and receives a response message from the UPF.

Step 1010: The SMF transmits a PDU modification response message to the AMF.

Step 1011: The AMF transmits a path switch request acknowledgement message to
the T-gNB.

Step 1012: The T-gNB transmits a UE context release message to the S-gNB.

So far, the second method of the present invention has been described. By this
method, uplink/downlink data forwarding can be supported, the loss of data can be
avoided and the continuity of services can be ensured.

Fig. 11 shows a third method according to the present invention. This embodiment
will be described by taking both a source base station and a target base station being
gNBs as example. Actually, this method is also suitable for a situation where the
source base station is an eNB connected to the SGC or the target base station is an eNB
connected to the 5GC, and a base station connected to a SGC may also be an ng-eNB.
In this method, an SMF decides whether to use direct data forwarding or indirect data
forwarding, or whether the data forwarding is possible. Here, the detailed description
of steps irrelevant to the present invention has been omitted. This method comprises
the following steps:

Step 1101: A source gNB (S-gNB) decides to initiate a handover to a UE.

Step 1102: The S-gNB transmits a handover required message to an AMF.

The source base station proposes downlink data forwarding. The downlink data
forwarding proposed by the source base station is specific to a PDU session, and/or a
Qos flow in a PDU session, and/or a DRB in a PDU session.

The message contains information about whether the direct data forwarding path is

available. When the direct data forwarding path is available, the S-gNB can contain in-
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formation indicating that the direct data forwarding path is available. Through the
absence of the direct data forwarding path information element, the AMF knows that
the direct data forwarding path is not available. The source base station can decide,
based on the presence or absence of an Xn interface between the source base station
and a target base station, whether the direct data forwarding path is available. Without
influencing the main contents of the present invention, the source base station can also
decide whether to perform direct data forwarding by considering other factors, for
example, by considering the presence or absence of an IP connection between the
source base station and the target base station.

In a source-to-target transparent container or in a handover required message, the
source base station contains PDU session information requiring data forwarding and/or
Qos flow information requiring data forwarding. The PDU session information
contains a PDU session identifier and/or the downlink data forwarding proposed by the
source base station. The Qos flow information contains a Qos flow identifier and/or the
downlink data forwarding proposed by the source base station. A mapping relationship
from the Qos flow in the PDU session to the DRB and/or DRB configuration in-
formation can further be contained in the source-to-target transparent container. DRB
information requiring data forwarding can further be contained in the source-to-target
transparent container or in a handover required message. The DRB information
contains a DRB identifier and/or the downlink data forwarding proposed by the source
base station. The source base station can contain the DRB information requiring data
forwarding only when the direct data forwarding path is available. The mapping rela-
tionship from the Qos flow in the PDU session to the DRB, the DRB configuration in-
formation and/or the DRB information requiring data forwarding can also be contained
in the handover required message.

Step 1103: The AMF transmits a PDU handover request message to an SMF. This
message is specific to each PDU session for which an NG handover is request to be
performed. This message contains a PDU session identifier and a target identifier. The
message contains information indicating that the direct data forwarding path is
available. The information indicating that the direct data forwarding path is available is
received from the S-gNB.

Step 1104: The SMF transmits a PDU handover response message to the AMF. This
message contains a PDU session identifier and information of Session Management
(SM) at an NG-C interface. The SMF selects an UPF having an interface with a target
gNB.

The SMF decides whether to use direct data forwarding or indirect data forwarding.
The SMF decides, according to the received information indicating whether the direct

data forwarding path is available, whether to use direct data forwarding or indirect data
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forwarding. The SMF can also decide, by considering other factors, whether to use
direct data forwarding or indirect data forwarding, without influencing the main
contents of the present invention. The SMF decides whether the data forwarding is
possible. The feasibility of the data forwarding can be specific to each PDU session.

If the data forwarding is impossible, the SMF informs the AMF by the PDU
handover response message. Or, the SMF transmits, by SM NG-C interface in-
formation, to a target gNB, the information indicating that data forwarding is im-
possible. The SMF informs, by the PDU handover response message, the AMF of the
direct data forwarding or indirect data forwarding. Or, the SMF transmits the in-
formation about the direct data forwarding or indirect data forwarding to a target gNB
through SM NG-C interface information. The PDU handover response message or the
SM NG-C interface information in the PDU handover response message can further
contain a PDU session identifier, the address of an uplink transport layer and a TEID
allocated by the UPF at the NG-U interface, and/or Qos information.

Step 1105: The AMF detects the PDU handover response message of each SMF.
When the AMF receives all PDU handover responses or the maximum waiting time
arrives, the handover process is continuously executed.

Step 1106: The AMF transmits a handover request message to a target gNB (T-gNB).
This message contains a source-to-target transparent container. This message contains
the information of the SM, at the NG-C interface, received from the SMF in the step
604. This message contains information indicating that the data forwarding is im-
possible. The feasibility of the data forwarding can be specific to each PDU session.
The information indicating that the data forwarding is impossible can be contained in
the SM NG-C interface information. This message contains the direct data forwarding
or indirect data forwarding. The AMF can inform the target base station of the direct
data forwarding when the direct data forwarding is used. When there is no direct data
forwarding in the handover request message, the target base station knows that the
direct data forwarding is impossible. The information about the direct data forwarding
or indirect data forwarding can be contained in the SM NG-C interface information.
The handover request further contains information about a PDU session to be es-
tablished. The information about a PDU session to be established contains a PDU
session identifier. If this message contains the direct data forwarding or indirect data
forwarding or absence of information element indicating that the data forwarding is
impossible, it is indicated that the data forwarding is possible. For a certain PDU
session, if there is no any information element indicating that the data forwarding is
impossible, it is indicated that the data forwarding for the PDU session is possible. The
handover request message contains a source-to-target transparent container. The in-

formation contained in the source-to-target transparent container is the same as that in
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the step 801 and will not be repeated in detail herein.

The T-gNB allocates data forwarding tunnel(s). If the data forwarding is possible and
the T-gNB accepts the downlink data forwarding, the T-gNB allocates a downlink data
forwarding tunnel. The T-gNB allocates a data forwarding tunnel for each Qos flow
requiring data forwarding, each DRB requiring data forwarding and/or each PDU
session requiring data forwarding. The specific allocation method can be the same as
that in the step 804 and will not be repeated in detail herein. The T-gNB proposes
uplink data forwarding and allocates an uplink data forwarding tunnel. The T-gNB
allocates a data forwarding tunnel for each Qos flow proposing data forwarding and/or
each DRB proposing data forwarding and/or each PDU session proposing data
forwarding. The specific method can be the same as that in the step 804 and will not be
repeated in detail herein.

The target base station decides whether to use the same DRB configuration and the
same mapping from the Qos flow to the DRB as the source base station, or use a full
configuration.

The target base station informs the source base station of information indicating
whether the same DRB configuration and the same mapping from the Qos flow to the
DRB as the source base station are used, or the full configuration is used. The target
base station can transmit the information to the source base station through a target-
to-source transparent container. Or, the target base station transmits the information to
the source base station through the handover request acknowledgement message in the
step 1107 and the handover command message in the step 1112.

Step 1107: The T-gNB transmits a handover request acknowledgement message to
the AMF. This message contains the data forwarding tunnel information allocated by
the target base station. This message contains a target-to-source transparent container.
This message contains a list of established PDU sessions and/or a list of unsuccessfully
established PDU sessions. For different data forwarding methods in the step 804, the
data forwarding tunnel information can be specific to each PDU session, each Qos
flow and/or each DRB. The data forwarding tunnel information can be contained in a
target-to-source transparent container and/or a handover request acknowledgement
message. The data forwarding tunnel information can be contained in the SM NG-C
interface information. Preferably, the data forwarding tunnel information corre-
sponding to the DRB can be contained in the target-to-source transparent container.

If the source base station proposes data forwarding for a Qos flow in a PDU session,
and if the Qos flow is successfully established and the target base station accepts data
forwarding for the Qos flow(s), the target base station may allocate data forwarding
tunnel information for the PDU session to which the Qos flow belongs. For a Qos flow

or Qos flows that the target base station accepts the data forwarding, the target base
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station transmits the indication information of accepting the data forwarding to the
source base station, so that the source base station knows which Qos flow or Qos flows
in the PDU session is accepted for data forwarding by the target base station. The
target base station transmits the tunnel information allocated for the corresponding
PDU session to the source base station.

If the source base station proposes the data forwarding for a DRB in a PDU session,
and if the DRB is successfully established, the target base station may also allocate
user plane tunnel information including the address of a transport layer and TEID to
each DRB that requires data forwarding. The source base station can know that the
target base station has accepted the data forwarding for the DRB, through the user
plane tunnel information corresponding to the DRB. If the source base station proposes
the data forwarding for a DRB in a PDU session, and if the DRB is successfully es-
tablished and the target base station accepts the data forwarding for the DRB, the target
base station allocates data forwarding tunnel information to the PDU session to which
the DRB belongs. For the DRB or DRBs that the target base station accepts the data
forwarding, the target base station transmits the indication information of accepting the
data forwarding to the source base station, so that the source base station knows which
DRB or DRBs in the PDU session is accepted for data forwarding by the target base
station. The target base station transmits tunnel information allocated for the corre-
sponding PDU session to the source base station.

The target base station proposes uplink data forwarding. The target base station
proposes UL data forwarding for per PDU session, and/or per Qos flow and/or per
DRB. The handover request acknowledgement message contains PDU session in-
formation, Qos flow information and/or DRB information proposed for data
forwarding by the target base station. If the target base station proposes uplink data
forwarding for a PDU session, the target base station allocates PDU-level tunnel in-
formation to the PDU session. If the target base station proposes uplink data
forwarding for a Qos flow, the target base station may allocate Qos flow-level tunnel
information or PDU session-level tunnel information, and for the PDU session-level
tunnel information, the target base station contains an identifier of the Qos flow
proposing uplink data forwarding in the handover request acknowledgement message.
If the target base station proposes uplink data forwarding for a DRB, the target base
station may allocate DRB-level tunnel information or PDU session-level tunnel in-
formation, and for the PDU session-level tunnel information, target base station
contains an identifier of the DRB proposing uplink data forwarding in the handover
request acknowledgement message. The specific method is the same as describe in step
804 and will not be described in detail herein.

Step 1108: The AMF transmits a PDU modification request message to the SMF.
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This message contains the forwarding tunnel information allocated by the T-gNB. The
forwarding tunnel information allocated by the T-gNB can be contained in the SM
NG-C interface information and transparently transmitted to the SMF by the AMF.
The AMF can transmit only the indirect data forwarding tunnel information to the
SMF, or the direct data forwarding tunnel information can also be transmitted to the
SMEF. The AMF can transmit, by the PDU modification request message or another in-
dependent message to the SMF, the data forwarding tunnel information allocated by
the T-gNB. The AMF can transmit only the indirect data forwarding tunnel in-
formation to the SMF, or the direct data forwarding tunnel information can also be
transmitted to the SMF.

The SMF allocates indirect data forwarding tunnel information used between the S-
gNB and an UPF, or the SMF requests an UPF to allocate indirect data forwarding
tunnel information used between the S-gNB and the UPF. If the latter, steps 1109 and
1110 need to be executed. If the former, steps 1109 and 1110 may not be performed.

Step 1109: The SMF transmits an indirect data forwarding tunnel establishment
message to the UPF, transmits the indirect data forwarding tunnel information
allocated by the T-gNB to the UPF, and requests the UPF to allocate tunnel in-
formation used for data forwarding from the S-gNB to the UPF. The message can also
be a session modification message between the SMF and the UPF. The SMF can
request the UPF to establish an indirect data forwarding tunnel only when the indirect
data forwarding is used.

The SMF transmits, to the UPF, the address of the downlink transport layer and the
TEID allocated by the target gNB.

Step 1110: The UPF transmits an indirect data forwarding tunnel establishment
response message to the SMF. This message can also be a session modification
response message between the SMF and the UPF. This message contains the data
forwarding tunnel information from the S-gNB to the UPF allocated by the UPF. The
tunnel information can be specific to each PDU session, each Qos flow in each PDU
session and/or each DRB in each PDU session.

Stepl111: The SMF transmits a PDU modification response message to the AMF.
This message contains the data forwarding tunnel information from the S-gNB to the
UPF allocated by the UPF. The SMF can transmit, by another independent message
and to the AMF, the indirect data forwarding tunnel information allocated by the UPF.
The data forwarding tunnel information from the S-gNB to the UPF allocated by the
UPF can be contained in the SM NG-C interface information and transparently
transmitted to the S-gNB by the AMF.

The SMF transmits, to the UPF, the address of the downlink transport layer and the
TEID allocated by the target gNB.
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Step 1112: The AMF transmits a handover command message to the S-gNB. This
message contains a target-to-source transparent container. For the indirect data
forwarding, the AMF transmits, to the source base station, the data forwarding tunnel
information allocated by an UPF. If the UPF changes during a handover process, the
AMF transmits, to the source base station, the data forwarding tunnel information
allocated by the source UPF. The data forwarding tunnel information from the S-gNB
to the UPF allocated by the UPF can be contained in the SM NG-C interface in-
formation and transparently transmitted to the S-gNB by the AMF. For a successfully
established Qos flow, the message may also contain an indication that the target base
station has accepted data forwarding for the Qos flow. For a successfully established
DRB, the message may also contain an indication that the target base station has
accepted data forwarding for the DRB. The message also contains Qos flow in-
formation that the target base station proposes uplink data forwarding or DRB in-
formation that the target base station proposes uplink data forwarding or PDU session
information proposed for uplink data forwarding by the target base station. The in-
formation may be tunnel identifier information allocated for data forwarding or uplink
data forwarding proposal information corresponding to a Qos flow or DRB.

Step 1113: The S-gNB transmits a handover command message to a UE.

The S-gNB forwards data to the target gNB.

In downlink, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding according to the received indication information of data forwarding
accepted for a Qos flow and/or indication information of data forwarding accepted for
a DRB, and perform data forwarding on the data of the Qos flow or DRB on a corre-
sponding data forwarding tunnel. The data forwarding tunnel is corresponding to each
Qos flow, each DRB or each PDU session. The data forwarding can be direct data
forwarding or indirect data forwarding. For the direct data forwarding, data not ac-
knowledged by a UE and/or data allocated with a PDCP SN can be forwarded through
a tunnel for each DRB. Fresh data can be forwarded by a tunnel corresponding to each
PDU session. The forwarded data can be a GTP-U data packet, an SDAP data packet
or a PDCP data packet. The PDCP data packet can be a data packet containing a PDCP
SN or a data packet containing no PDCP SN. For the indirect data forwarding, the data
is forwarded by a tunnel corresponding to each PDU session. The forwarded data can
be a GTP-U data packet, an SDAP data packet or a PDCP data packet. The PDCP data
packet can be a data packet containing a PDCP SN or a data packet containing no
PDCP SN. For the direct data forwarding or indirect data forwarding, data can also be
transmitted to the target base station through a tunnel corresponding to each Qos flow
and/or each DRB.
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If the target base station uses the full configuration, the source base station forwards
only fresh data to the target base station. If the target base station uses the same DRB
configuration and the same mapping from the Qos flow to the DRB as the source base
station, the source base station forwards, to the target base station, data not ac-
knowledged by the UE, data not transmitted to the UE and/or fresh data.

In uplink, if the source base station accepts the data forwarding proposed by the
target base station, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding on the data of a Qos flow or DRB on a corresponding data forwarding
tunnel, if the source base station accepts the uplink data forwarding, according to a Qos
flow, DRB or PDU information proposed for data forwarding by the target base
station. The data forwarding tunnel information can be per Qos flow, per DRB or per
PDU session. The data forwarding can be direct data forwarding or indirect data
forwarding.

Step 1114: The UE transmits a handover completion message to the T-gNB.

Step 1115: The T-gNB transmits a handover notification message to the AMF.

Step 1116: The AMF transmits a handover completion message to the SMF. This
message contains the PDU session identifier. This message is specific to each PDU
session.

Step 1117: The SMF transmits a handover completion acknowledgement message to
the AMF. The SMF needs to inform the selected UPF of information indicating that
the downlink user plane tunnel is handed over to the T-gNB, that is, the downlink
tunnel information allocated by the T-gNB. The downlink tunnel information contains
the address of the transport layer and the TEID.

Step 1118: The AMF transmits a UE context release command message to the S-
gNB.

Step 1119: The S-gNB transmits a UE context release completion message to the
AMF.

So far, the third method of the present invention has been described. By the method
in this embodiment, different data forwarding methods can be supported, the loss of
data can be avoided and the continuity of services can be ensured. By this method, the
transparent transport of SM NG-C information between a base station and an SMF by
an AMF can also be supported.

Fig. 12 shows a fourth method according to the present invention. This embodiment
will be described by taking both a source base station and a target base station being
gNBs as example. Actually, this method is also suitable for a situation where the
source base station is an eNB connected to the SGC or the target base station is an eNB

connected to the 5GC, and a base station connected to a SGC may also be an ng-eNB.
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In this embodiment, an AMF decides whether to use direct data forwarding or indirect
data forwarding. The SMF decides whether the data forwarding is possible. Here, the

detailed description of steps irrelevant to the present invention has been omitted. This

method comprises the following steps:

Step 1201: A source gNB (S-gNB) decides to initiate a handover to a UE.

Step 1202: The S-gNB transmits a handover required message to an AMF.

The source base station proposes downlink data forwarding. The downlink data
forwarding proposed by the source base station is specific to a PDU session, and/or a
Qos flow in a PDU session, and/or a DRB in a PDU session.

The message contains information about whether the direct data forwarding path is
available. When the direct data forwarding path is available, the S-gNB can contain in-
formation indicating that the direct data forwarding path is available. Through the
absence of the direct data forwarding path information element, the AMF knows that
the direct data forwarding path is not available. The source base station can decide,
based on the presence or absence of an Xn interface between the source base station
and a target base station, whether the direct data forwarding path is available. Without
influencing the main contents of the present invention, the source base station can also
decide whether the direct data forwarding path is available, by considering other
factors, for example, by considering the presence or absence of an IP connection
between the source base station and a target base station.

In a source-to-target transparent container or in a handover required message, the
source base station contains PDU session information requiring data forwarding and/or
Qos flow information requiring data forwarding. The PDU session information
contains a PDU session identifier and/or the downlink data forwarding proposed by the
source base station. The Qos flow information contains a Qos flow identifier and/or the
downlink data forwarding proposed by the source base station. A mapping relationship
from the Qos flow in the PDU session to the DRB and/or DRB configuration in-
formation can further be contained in the source-to-target transparent container. DRB
information requiring data forwarding can further be contained in the source-to-target
transparent container or in a handover required message. The DRB information
contains a DRB identifier and/or the downlink data forwarding proposed by the source
base station. The source base station can contain the DRB information requiring data
forwarding only when the direct data forwarding path is available. The mapping rela-
tionship from the Qos flow in the PDU session to the DRB, the DRB configuration in-
formation and/or the DRB information requiring data forwarding can also be contained
in the handover required message.

Step 1203: The AMF transmits a PDU handover request message to an SMF. This

message is specific to each PDU session on which an NG handover is request to be
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performed. This message contains a PDU session identifier and a target identifier.

The AMF decides whether to use direct data forwarding or indirect data forwarding.
The AMEF decides, according to the received information indicating whether the direct
data forwarding path is available, whether to use direct data forwarding or indirect data
forwarding. The AMF can also decide, by considering other factors, whether to use
direct data forwarding or indirect data forwarding, without influencing the main
contents of the present invention. The direct data forwarding or indirect data
forwarding is specific to all PDU sessions of the UE.

The AMEF transmits information about the direct data forwarding or indirect data
forwarding to an SMF.

Step 1204: The SMF transmits a PDU handover response message to the AMF. This
message contains a PDU session identifier and information of Session Management
(SM) at an NG-C interface. The SMF selects an UPF having an interface with a target
gNB. The SMF decides whether the data forwarding is possible. The SMF decides
whether the data forwarding corresponding to each PDU session is possible. The SMF
can decide, according to the information about the direct data forwarding or indirect
data forwarding received from the AMF, whether the data forwarding is possible. If the
direct data forwarding is used, the data forwarding is possible; and, if the indirect data
forwarding is used, the SMF decides, by considering a network topology, whether the
data forwarding is possible.

If the data forwarding is impossible, the SMF informs the AMF by the PDU
handover response message. Or, the SMF transmits, by SM NG-C interface in-
formation and to a target gNB, the information indicating that data forwarding is im-
possible. The information indicating that the data forwarding is impossible is specific
to each PDU session. Since the SMF for each PDU session may be different and the
UPF selected for each PDU session by the SMF may also be different, the feasibility of
the data forwarding is specific to each PDU session.

The PDU handover response message or the SM NG-C interface information in the
PDU handover response message can further contain a PDU session identifier, the
address of an uplink transport layer and a TEID allocated by the UPF at the NG-U
interface, and/or Qos information.

Step 1205: The AMF detects the PDU handover response message from each SMF.
When the AMF receives all PDU handover responses or the maximum waiting time
arrives, the handover process is continuously executed.

Step 1206: The AMF transmits a handover request message to a target gNB (T-gNB).
This message contains a source-to-target transparent container. This message contains
the information of the SM, at the NG-C interface, received from the SMF in the step

1204. This message contains information indicating that the data forwarding is im-
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possible. The information indicating that the data forwarding is impossible can be
contained in the SM NG-C interface information. The information indicating that the
data forwarding is impossible is specific to each PDU session. This message contains
the direct data forwarding or indirect data forwarding. The AMF can inform the target
base station of the direct data forwarding when the direct data forwarding is used.
When there is no direct data forwarding in the handover request message, the target
base station knows that the direct data forwarding is impossible. The handover request
further contains information about a PDU session to be established. The information
about a PDU session to be established contains a PDU session identifier. If this
message contains the direct data forwarding or indirect data forwarding or absence of
information element indicating that the data forwarding is impossible, it is indicated
that the data forwarding is possible. For a certain PDU session, if there is no any in-
formation element indicating that the data forwarding is impossible, it is indicated that
the data forwarding for the PDU session is possible. The handover request message
contains a source-to-target transparent container. The information contained in the
source-to-target transparent container is the same as that in the step 801 and will not be
repeated in detail herein.

The T-gNB allocates data forwarding tunnels. If the data forwarding is possible and
the T-gNB accepts the downlink data forwarding, the T-gNB allocates a downlink data
forwarding tunnel. The T-gNB allocates a data forwarding tunnel for each Qos flow
requiring data forwarding, each DRB requiring data forwarding and/or each PDU
session requiring data forwarding. The specific allocation method can be the same as
that in the step 804 and will not be repeated in detail herein. The T-gNB proposes
uplink data forwarding and allocates an uplink data forwarding tunnel. The T-gNB
allocates a data forwarding tunnel for each Qos flow proposing data forwarding and/or
each DRB proposing data forwarding and/or each PDU session proposing data
forwarding. The specific method can be the same as that in the step 804 and will not be
repeated in detail herein.

The target base station decides whether to use the same DRB configuration and the
same mapping from the Qos flow to the DRB as the source base station, or use a full
configuration.

The target base station informs the source base station of information indicating
whether the same DRB configuration and the same mapping from the Qos flow to the
DRB as the source base station are used, or the full configuration is used. The target
base station can transmit the information to the source base station through a target-
to-source transparent container. Or, the target base station transmits the information to
the source base station through the handover request acknowledgement message in the

step 1207 and the handover command message in the step 1212.
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Step 1207: The T-gNB transmits a handover request acknowledgement message to
the AMF. This message contains the data forwarding tunnel information allocated by
the target base station. This message contains a target-to-source transparent container.
This message contains a list of established PDU sessions and/or a list of unsuccessfully
established PDU sessions. For different data forwarding methods in the step 804, the
data forwarding tunnel information can be specific to each PDU session, each Qos
flow and/or each DRB. The data forwarding tunnel information can be contained in a
target-to-source transparent container and/or a handover request acknowledgement
message. The data forwarding tunnel information can be contained in the SM NG-C
interface information. Preferably, the data forwarding tunnel information corre-
sponding to the DRB can be contained in the target-to-source transparent container.

If the source base station proposes data forwarding for a Qos flow in a PDU session,
and if the Qos flow is successfully established and the target base station accepts data
forwarding for the Qos flow(s), the target base station may allocate data forwarding
tunnel information for the PDU session to which the Qos flow belongs. For a Qos flow
or Qos flows that the target base station accepts the data forwarding, the target base
station transmits the indication information of accepting the data forwarding to the
source base station, so that the source base station knows which Qos flow or Qos flows
in the PDU session is accepted for data forwarding by the target base station. The
target base station transmits the tunnel information allocated for the corresponding
PDU session to the source base station.

If the source base station proposes the data forwarding for a DRB in a PDU session,
and if the DRB is successfully established, the target base station may also allocate
user plane tunnel information including the address of a transport layer and TEID to
each DRB that requires data forwarding. The source base station can know that the
target base station has accepted the data forwarding for the DRB, through the user
plane tunnel information corresponding to the DRB. If the source base station proposes
the data forwarding for a DRB in a PDU session, and if the DRB is successfully es-
tablished and the target base station accepts the data forwarding for the DRB, the target
base station allocates data forwarding tunnel information to the PDU session to which
the DRB belongs. For the DRB or DRBs that the target base station accepts the data
forwarding, the target base station transmits the indication information of accepting the
data forwarding to the source base station, so that the source base station knows which
DRB or DRBs in the PDU session is accepted for data forwarding by the target base
station. The target base station transmits tunnel information allocated for the corre-
sponding PDU session to the source base station.

The target base station proposes uplink data forwarding. The target base station

proposes UL data forwarding for per PDU session, and/or per Qos flow and/or per
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DRB. The handover request acknowledgement message contains PDU session in-
formation, Qos flow information and/or DRB information proposed for data
forwarding by the target base station. If the target base station proposes uplink data
forwarding for a PDU session, the target base station allocates PDU-level tunnel in-
formation to the PDU session. If the target base station proposes uplink data
forwarding for a Qos flow, the target base station may allocate Qos flow-level tunnel
information or PDU session-level tunnel information, and for the PDU session-level
tunnel information, the target base station contains an identifier of the Qos flow
proposing uplink data forwarding in the handover request acknowledgement message.
If the target base station proposes uplink data forwarding for a DRB, the target base
station may allocate DRB-level tunnel information or PDU session-level tunnel in-
formation, and for the PDU session-level tunnel information, target base station
contains an identifier of the DRB proposing uplink data forwarding in the handover
request acknowledgement message. The specific method is the same as describe in step
804 and will not be described in detail herein.

Step 1208: The AMF transmits a PDU modification request message to the SMF.
This message contains the forwarding tunnel information allocated by the T-gNB. The
forwarding tunnel information allocated by the T-gNB can be contained in the SM
NG-C interface information and transparently transmitted to the SMF by the AMF.
This message can further contain the information about the direct data forwarding or
indirect data forwarding. The AMF also can transmit only the indirect data forwarding
tunnel information to the SMF, or the direct data forwarding tunnel information can
also be transmitted to the SMF. The AMF can transmit, by the PDU modification
request message or another single message and to the SMF, the data forwarding tunnel
information allocated by the T-gNB.

The SMF allocates indirect data forwarding uplink tunnel information used between
the S-gNB and an UPF, or the SMF requests an UPF to allocate indirect data
forwarding uplink tunnel information used between the S-gNB and the UPF. If the
latter, steps 1209 and 1210 need to be executed. If the former, steps 1209 and 1210
may not be performed.

Step 1209: The SMF transmits an indirect data forwarding tunnel establishment
message to the UPF, transmits the indirect data forwarding tunnel information
allocated by the T-gNB to the UPF, and requests the UPF to allocate tunnel in-
formation used for data forwarding from the S-gNB to the UPF. The message can also
be a session modification message between the SMF and the UPF. The SMF can
request the UPF to establish an indirect data forwarding tunnel only when receiving the
indirect data forwarding tunnel information allocated by the T-gNB.

The SMF transmits, to the UPF, the address of the downlink transport layer and the
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TEID allocated by the target gNB.

Step 1210: The UPF transmits an indirect data forwarding tunnel establishment
response message to the SMF. This message can also be a session modification
response message between the SMF and the UPF. This message contains the data
forwarding tunnel information from the S-gNB to the UPF allocated by the UPF. The
tunnel information can be specific to each PDU session, each Qos flow in each PDU
session and/or each DRB in each PDU session.

Step 1211: The SMF transmits a PDU modification response message to the AMF.
This message contains the data forwarding tunnel information from the S-gNB to the
UPF allocated by the UPF. The SMF can transmit, by another single message and to
the AMF, the indirect data forwarding tunnel information allocated by the UPF. The
data forwarding tunnel information from the S-gNB to the UPF allocated by the UPF
can be contained in the SM NG-C interface information and transparently transmitted
to the S-gNB by the AMF.

The SMF transmits, to the UPF, the address of the downlink transport layer and the
TEID allocated by the target gNB.

Step 1212: The AMF transmits a handover command message to the S-gNB. This
message contains a target-to-source transparent container. For the indirect data
forwarding, the AMF transmits, to the source base station, the data forwarding tunnel
information allocated by an UPF. If the UPF changes during a handover process, the
AMF transmits, to the source base station, the data forwarding tunnel information
allocated by the source UPF. The data forwarding tunnel information from the S-gNB
to the UPF allocated by the UPF can be contained in the SM NG-C interface in-
formation and transparently transmitted to the S-gNB by the AMF. For a successfully
established Qos flow, the message may also contain an indication that the target base
station has accepted data forwarding for the Qos flow. For a successfully established
DRB, the message may also contain an indication that the target base station has
accepted data forwarding for the DRB. The message also contains Qos flow in-
formation that the target base station proposes uplink data forwarding or DRB in-
formation that the target base station proposes uplink data forwarding or PDU session
information proposed for uplink data forwarding by the target base station. The in-
formation may be tunnel identifier information allocated for data forwarding or uplink
data forwarding proposal information corresponding to a Qos flow or DRB.

Step 1213: The S-gNB transmits a handover command message to a UE.

The S-gNB forwards data to the target gNB.

In downlink, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data

forwarding according to the received indication information of data forwarding
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accepted for a Qos flow and/or indication information of data forwarding accepted for
a DRB, and perform data forwarding on the data of the Qos flow or DRB on a corre-
sponding data forwarding tunnel. The data forwarding tunnel is corresponding to each
Qos flow, each DRB or each PDU session. The data forwarding can be direct data
forwarding or indirect data forwarding. For the direct data forwarding, data not ac-
knowledged by a UE and/or data allocated with a PDCP SN can be forwarded through
a tunnel for each DRB. Corresponding {resh data can be forwarded by a tunnel corre-
sponding to each PDU session. The forwarded data can be a GTP-U data packet, an
SDAP data packet or a PDCP data packet. The PDCP data packet can be a data packet
containing a PDCP SN or a data packet containing no PDCP SN. For the indirect data
forwarding, the data is forwarded by a tunnel corresponding to each PDU session. The
forwarded data can be a GTP-U data packet, an SDAP data packet or a PDCP data
packet. The PDCP data packet can be a data packet containing a PDCP SN or a data
packet containing no PDCP SN. For the direct data forwarding or indirect data
forwarding, data can also be transmitted to the target base station through a tunnel cor-
responding to each Qos flow and/or each DRB.

If the target base station uses the full configuration, the source base station forwards
only fresh data to the target base station. If the target base station uses the same DRB
configuration and the same mapping from the Qos flow to the DRB as the source base
station, the source base station forwards, to the target base station, data not ac-
knowledged by the UE, data not transmitted to the UE and/or fresh data.

In uplink, if the source base station accepts the data forwarding proposed by the
target base station, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding on the data of a Qos flow or DRB on a corresponding data forwarding
tunnel, if the source base station accepts the uplink data forwarding, according to a Qos
flow, DRB or PDU information proposed for data forwarding by the target base
station. The data forwarding tunnel information can be per Qos flow, per DRB or per
PDU session. The data forwarding can be direct data forwarding or indirect data
forwarding.

Step 1214: The UE transmits a handover completion message to the T-gNB.

Step 1215: The T-gNB transmits a handover notification message to the AMF.

Step 1216: The AMF transmits a handover completion message to the SMF. This
message contains the PDU session identifier. This message is specific to each PDU
session.

Step 1217: The SMF transmits a handover completion acknowledgement message to
the AMF. The SMF needs to inform the selected UPF of information indicating that
the downlink user plane tunnel is handed over to the T-gNB, that is, the downlink
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tunnel information allocated by the T-gNB. The downlink tunnel information contains
the address of the transport layer and the TEID.

Step 1218: The AMF transmits a UE context release command message to the S-
gNB.

Step 1219: The S-gNB transmits a UE context release completion message to the
AMF.

So far, the fourth method of the present invention has been described. By the method
in this embodiment, different data forwarding methods can be supported, the loss of
data can be avoided and the continuity of services can be ensured. By this method, the
transparent transport of SM NG-C information between a base station and an SMF by
an AMF can also be supported.

Fig. 13 shows a fifth method according to the present invention. This embodiment
will be described by taking both a source base station and a target base station being
gNBs as example. Actually, this method is also suitable for a situation where the
source base station is an eNB connected to the SGC or the target base station is an eNB
connected to the 5GC, and a base station connected to a SGC may also be an ng-eNB.
In this method, an AMF decides whether to use direct data forwarding or indirect data
forwarding, and whether the data forwarding is possible. Here, the detailed description
of steps irrelevant to the present invention has been omitted. This method comprises
the following steps:

Step 1301: A source gNB (S-gNB) decides to initiate a handover to a UE.

Step 1302: The S-gNB transmits a handover required message to an AMF.

The source base station proposes downlink data forwarding. The downlink data
forwarding proposed by the source base station is specific to a PDU session, and/or a
Qos flow in a PDU session, and/or a DRB in a PDU session.

The message contains information about whether the direct data forwarding path is
available. When the direct data forwarding path is available, the S-gNB can contain in-
formation indicating that the direct data forwarding path is available. Through the
absence of the direct data forwarding path information element, the AMF knows that
the direct data forwarding path is not available. The source base station can decide,
based on the presence or absence of an Xn interface between the source base station
and a target base station, whether the direct data forwarding path is available. Without
influencing the main contents of the present invention, the source base station can also
decide whether the direct data forwarding path is available, by considering other
factors, for example, by considering the presence or absence of an IP connection
between the source base station and a target base station.

In a source-to-target transparent container or in a handover required message, the

source base station contains PDU session information requiring data forwarding and/or



WO 2018/203734 PCT/KR2018/005233

[286]

[287]

[288]

[289]

[290]

47

Qos flow information requiring data forwarding. The PDU session information
contains a PDU session identifier and/or the downlink data forwarding proposed by the
source base station. The Qos flow information contains a Qos flow identifier and/or the
downlink data forwarding proposed by the source base station. A mapping relationship
from the Qos flow in the PDU session to the DRB and/or DRB configuration in-
formation can further be contained in the source-to-target transparent container. DRB
information requiring data forwarding can further be contained in the source-to-target
transparent container or in a handover required message. The DRB information
contains a DRB identifier and/or the downlink data forwarding proposed by the source
base station. The source base station can contain the DRB information requiring data
forwarding only when the direct data forwarding path is available. The mapping rela-
tionship from the Qos flow in the PDU session to the DRB, the DRB configuration in-
formation and/or the DRB information requiring data forwarding can also be contained
in the handover required message.

As another method of this embodiment, a list of PDU session information of the UE
can be contained in the handover required message. The PDU session information of
the UE is the same as that in the step 902 and will not be repeated in detail herein. In
this method, the steps 1303, 1304 and 1305 may not be executed.

Step 1303: The AMF transmits a PDU handover request message to an SMF. This
message is specific to each PDU session on which an NG handover is request to be
performed. This message contains a PDU session identifier and a target identifier.

The AMF decides whether to use direct data forwarding or indirect data forwarding.
The AMEF decides, according to the received information indicating whether the direct
data forwarding path is available, whether to use direct data forwarding or indirect data
forwarding. The AMF can also decide, by considering other factors, whether to use
direct data forwarding or indirect data forwarding, without influencing the main
contents of the present invention. The direct data forwarding or indirect data
forwarding is specific to all PDU sessions of the UE. The AMF decides whether the
data forwarding is possible. The feasibility of the data forwarding is specific to each
PDU session. The AMF can decide, according to the information about the direct data
forwarding or indirect data forwarding received from the AMF, whether the data
forwarding is possible. If the direct data forwarding is used, the data forwarding is
possible; and, if the indirect data forwarding is used, the AMF decides, by considering
a network topology, whether the data forwarding is possible.

The AMEF transmits information about the direct data forwarding or indirect data
forwarding to an SMF.

If the data forwarding is impossible, the AMF informs the SMF of the information
indicating that the data forwarding is impossible. The infeasibility of the data
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forwarding is specific to each PDU session. Only when the data forwarding is possible,
the AMF informs the SMF of the information about the direct data forwarding or
indirect data forwarding.

Step 1304: The SMF transmits a PDU handover response message to the AMF. This
message contains a PDU session identifier and information of Session Management
(SM) at an NG-C interface. The SMF selects an UPF having an interface with a target
gNB.

If the data forwarding is impossible, the SMF transmits, by SM NG-C interface and
to a target gNB, the information indicating that the data forwarding is impossible. The
information indicating that the data forwarding is impossible is specific to each PDU
session. Since the SMF for each PDU session may be different and the UPF selected
for each PDU session by the SMF may also be different, the feasibility of the data
forwarding is specific to each PDU session.

The PDU handover response message or the SM NG-C interface information in the
PDU handover response message can further contain a PDU session identifier, the
address of an uplink transport layer and a TEID allocated by the UPF at the NG-U
interface, and/or Qos information.

Step 1305: The AMF detects the PDU handover response message from each SMF.
When the AMF receives all PDU handover responses or the maximum waiting time
arrives, the handover process is continuously executed.

Step 1306: The AMF transmits a handover request message to a target gNB (T-gNB).
This message contains a source-to-target transparent container. This message contains
the information of the SM, at the NG-C interface, received from the SMF in the step
804. This message contains information indicating that the data forwarding is im-
possible. The information indicating that the data forwarding is impossible can be
contained in the SM NG-C interface information. The information indicating that the
data forwarding is impossible is specific to each PDU session. This message contains
the direct data forwarding or indirect data forwarding. The AMF can inform the target
base station of the direct data forwarding when the direct data forwarding is used.
When there is no direct data forwarding in the handover request message, the target
base station knows that the direct data forwarding is impossible. The handover request
further contains information about a PDU session to be established. The information
about a PDU session to be established contains a PDU session identifier. If this
message contains the direct data forwarding or indirect data forwarding or absence of
information element indicating that the data forwarding is impossible, it is indicated
that the data forwarding is possible. For a certain PDU session, if there is no any in-
formation element indicating that the data forwarding is impossible, it is indicated that

the data forwarding for the PDU session is possible. The handover request message
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contains a source-to-target transparent container. The information contained in the
source-to-target transparent container is the same as that in the step 801 and will not be
repeated in detail herein.

The T-gNB allocates data forwarding tunnels. If the data forwarding is possible and
the T-gNB accepts the downlink data forwarding, the T-gNB allocates a downlink data
forwarding tunnel. The T-gNB allocates a data forwarding tunnel for each Qos flow
requiring data forwarding, each DRB requiring data forwarding and/or each PDU
session requiring data forwarding. The specific allocation method can be the same as
that in the step 804 and will not be repeated in detail herein. The T-gNB proposes
uplink data forwarding and allocates an uplink data forwarding tunnel. The T-gNB
allocates a data forwarding tunnel for each Qos flow proposing data forwarding and/or
each DRB proposing data forwarding and/or each PDU session proposing data
forwarding. The specific method can be the same as that in the step 804 and will not be
repeated in detail herein.

The target base station decides whether to use the same DRB configuration and the
same mapping from the Qos flow to the DRB as the source base station, or use a full
configuration.

The target base station informs the source base station of information indicating
whether the same DRB configuration and the same mapping from the Qos flow to the
DRB as the source base station are used, or the full configuration is used. The target
base station can transmit the information to the source base station through a target-
to-source transparent container. Or, the target base station transmits the information to
the source base station through the handover request acknowledgement message in the
step 1307 and the handover command message in the step 1312.

Step 1307: The T-gNB transmits a handover request acknowledgement message to
the AMF. This message contains the data forwarding tunnel information allocated by
the target base station. This message contains a target-to-source transparent container.
This message contains a list of established PDU sessions and/or a list of unsuccessfully
established PDU sessions. For different data forwarding methods in the step 804, the
data forwarding tunnel information can be specific to each PDU session, each Qos
flow and/or each DRB. The data forwarding tunnel information can be contained in a
target-to-source transparent container and/or a handover request acknowledgement
message. The data forwarding tunnel information can be contained in the SM NG-C
interface information. Preferably, the data forwarding tunnel information corre-
sponding to the DRB can be contained in the target-to-source transparent container.

If the source base station proposes data forwarding for a Qos flow in a PDU session,
and if the Qos flow is successfully established and the target base station accepts data

forwarding for the Qos flow(s), the target base station may allocate data forwarding
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tunnel information for the PDU session to which the Qos flow belongs. For a Qos flow
or Qos flows that the target base station accepts the data forwarding, the target base
station transmits the indication information of accepting the data forwarding to the
source base station, so that the source base station knows which Qos flow or Qos flows
in the PDU session is accepted for data forwarding by the target base station. The
target base station transmits the tunnel information allocated for the corresponding
PDU session to the source base station.

If the source base station proposes the data forwarding for a DRB in a PDU session,
and if the DRB is successfully established, the target base station may also allocate
user plane tunnel information including the address of a transport layer and TEID to
each DRB that requires data forwarding. The source base station can know that the
target base station has accepted the data forwarding for the DRB, through the user
plane tunnel information corresponding to the DRB. If the source base station proposes
the data forwarding for a DRB in a PDU session, and if the DRB is successfully es-
tablished and the target base station accepts the data forwarding for the DRB, the target
base station allocates data forwarding tunnel information to the PDU session to which
the DRB belongs. For the DRB or DRBs that the target base station accepts the data
forwarding, the target base station transmits the indication information of accepting the
data forwarding to the source base station, so that the source base station knows which
DRB or DRBs in the PDU session is accepted for data forwarding by the target base
station. The target base station transmits tunnel information allocated for the corre-
sponding PDU session to the source base station.

The target base station proposes uplink data forwarding. The target base station
proposes UL data forwarding for per PDU session, and/or per Qos flow and/or per
DRB. The handover request acknowledgement message contains PDU session in-
formation, Qos flow information and/or DRB information proposed for data
forwarding by the target base station. If the target base station proposes uplink data
forwarding for a PDU session, the target base station allocates PDU-level tunnel in-
formation to the PDU session. If the target base station proposes uplink data
forwarding for a Qos flow, the target base station may allocate Qos flow-level tunnel
information or PDU session-level tunnel information, and for the PDU session-level
tunnel information, the target base station contains an identifier of the Qos flow
proposing uplink data forwarding in the handover request acknowledgement message.
If the target base station proposes uplink data forwarding for a DRB, the target base
station may allocate DRB-level tunnel information or PDU session-level tunnel in-
formation, and for the PDU session-level tunnel information, target base station
contains an identifier of the DRB proposing uplink data forwarding in the handover

request acknowledgement message. The specific method is the same as describe in step
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804 and will not be described in detail herein.

Step 1308: The AMF transmits a PDU modification request message to the SMF.
This message contains the forwarding tunnel information allocated by the T-gNB. The
forwarding tunnel information allocated by the T-gNB can be contained in the SM
NG-C interface information and transparently transmitted to the SMF by the AMF.
This message can further contain the information about the direct data forwarding or
indirect data forwarding. The AMF also can transmit only the indirect data forwarding
tunnel information to the SMF, or the direct data forwarding tunnel information can
also be transmitted to the SMF. The AMF can transmit, by the PDU modification
request message or another single message and to the SMF, the data forwarding tunnel
information allocated by the T-gNB.

The SMF allocates indirect data forwarding uplink tunnel information used between
the S-gNB and an UPF, or the SMF requests an UPF to allocate indirect data
forwarding uplink tunnel information used between the S-gNB and the UPF. If the
latter, steps 1309 and 1310 need to be executed. If the former, steps 1309 and 1310
may not be performed.

Step 1309: The SMF transmits an indirect data forwarding tunnel establishment
message to the UPF, transmits the indirect data forwarding tunnel information
allocated by the T-gNB to the UPF, and requests the UPF to allocate tunnel in-
formation used for data forwarding from the S-gNB to the UPF. The message can also
be a session modification message between the SMF and the UPF. The SMF can
request the UPF to establish an indirect data forwarding tunnel only when receiving the
indirect data forwarding tunnel information allocated by the T-gNB.

The SMF transmits, to the UPF, the address of the downlink transport layer and the
TEID allocated by the target gNB.

Step 1310: The UPF transmits an indirect data forwarding tunnel establishment
response message to the SMF. This message can also be a session modification
response message between the SMF and the UPF. This message contains the data
forwarding tunnel information from the S-gNB to the UPF allocated by the UPF. The
tunnel information can be specific to each PDU session, each Qos flow in each PDU
session and/or each DRB in each PDU session.

Step 1311: The SMF transmits a PDU modification response message to the AMF.
This message contains the data forwarding tunnel information from the S-gNB to the
UPF allocated by the UPF. The SMF can transmit, by another single message and to
the AMF, the indirect data forwarding tunnel information allocated by the UPF. The
data forwarding tunnel information from the S-gNB to the UPF allocated by the UPF
can be contained in the SM NG-C interface information and transparently transmitted
to the S-gNB by the AMF.
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The SMF transmits, to the UPF, the address of the downlink transport layer and the
TEID allocated by the target gNB.

Step 1312: The AMF transmits a handover command message to the S-gNB. This
message contains a target-to-source transparent container. For the indirect data
forwarding, the AMF transmits, to the source base station, the data forwarding tunnel
information allocated by an UPF. If the UPF changes during a handover process, the
AMF transmits, to the source base station, the data forwarding tunnel information
allocated by the source UPF. The data forwarding tunnel information from the S-gNB
to the UPF allocated by the UPF can be contained in the SM NG-C interface in-
formation and transparently transmitted to the S-gNB by the AMF. For a successfully
established Qos flow, the message may also contain an indication that the target base
station has accepted data forwarding for the Qos flow. For a successfully established
DRB, the message may also contain an indication that the target base station has
accepted data forwarding for the DRB. The message also contains Qos flow in-
formation that the target base station proposes uplink data forwarding or DRB in-
formation that the target base station proposes uplink data forwarding or PDU session
information proposed for uplink data forwarding by the target base station. The in-
formation may be tunnel identifier information allocated for data forwarding or uplink
data forwarding proposal information corresponding to a Qos flow or DRB.

Step 1313: The S-gNB transmits a handover command message to a UE.

The S-gNB forwards data to the target gNB.

In downlink, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding according to the received indication information of data forwarding
accepted for a Qos flow and/or indication information of data forwarding accepted for
a DRB, and perform data forwarding on the data of the Qos flow or DRB on a corre-
sponding data forwarding tunnel. The data forwarding tunnel is corresponding to each
Qos flow, each DRB or each PDU session. The data forwarding can be direct data
forwarding or indirect data forwarding. For the direct data forwarding, data not ac-
knowledged by a UE and/or data allocated with a PDCP SN can be forwarded through
a tunnel for each DRB. Corresponding {resh data can be forwarded by a tunnel corre-
sponding to each PDU session. The forwarded data can be a GTP-U data packet, an
SDAP data packet or a PDCP data packet. The PDCP data packet can be a data packet
containing a PDCP SN or a data packet containing no PDCP SN. For the indirect data
forwarding, the data is forwarded by a tunnel corresponding to each PDU session. The
forwarded data can be a GTP-U data packet, an SDAP data packet or a PDCP data
packet. The PDCP data packet can be a data packet containing a PDCP SN or a data
packet containing no PDCP SN. For the direct data forwarding or indirect data
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forwarding, data can also be transmitted to the target base station through a tunnel cor-
responding to each Qos flow and/or each DRB.

If the target base station uses the full configuration, the source base station forwards
only fresh data to the target base station. If the target base station uses the same DRB
configuration and the same mapping from the Qos flow to the DRB as the source base
station, the source base station forwards, to the target base station, data not ac-
knowledged by the UE, data not transmitted to the UE and/or fresh data.

In uplink, if the source base station accepts the data forwarding proposed by the
target base station, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding on the data of a Qos flow or DRB on a corresponding data forwarding
tunnel, if the source base station accepts the uplink data forwarding, according to a Qos
flow, DRB or PDU information proposed for data forwarding by the target base
station. The data forwarding tunnel information can be per Qos flow, per DRB or per
PDU session. The data forwarding can be direct data forwarding or indirect data
forwarding.

Step 1314: The UE transmits a handover completion message to the T-gNB.

Step 1315: The T-gNB transmits a handover notification message to the AMF.

Step 1316: The AMF transmits a handover completion message to the SMF. This
message contains the PDU session identifier. This message is specific to each PDU
session.

Step 1317: The SMF transmits a handover completion acknowledgement message to
the AMF. The SMF needs to inform the selected UPF of information indicating that
the downlink user plane tunnel is handed over to the T-gNB, that is, the downlink
tunnel information allocated by the T-gNB. The downlink tunnel information contains
the address of the transport layer and the TEID.

Step 1318: The AMF transmits a UE context release command message to the S-
gNB.

Step 1319: The S-gNB transmits a UE context release completion message to the
AMF.

So far, the fifth method of the present invention has been described. By the method
in this embodiment, different data forwarding methods can be supported, the loss of
data can be avoided and the continuity of services can be ensured. By this method, the
transparent transport of SM NG-C information between a base station and an SMF by
an AMF can also be supported.

Fig. 14 shows a schematic diagram of a sixth method of the present invention. This
embodiment will be described by taking both a source base station and a target base

station being gNBs as example. Actually, this method is also suitable for a situation
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where the source base station is an eNB connected to the SGC or the target base station
is an eNB connected to the SGC, and a base station connected to a SGC may also be an
ng-eNB. Here, the detailed description of steps irrelevant to the present invention has
been omitted. This method comprises the following steps:

Step 1401: A source gNB (S-gNB) decides to initiate a handover to a UE.

Step 1402: The S-gNB transmits a handover required message to an AMF.

The source base station proposes downlink data forwarding. The downlink data
forwarding proposed by the source base station is specific to a PDU session, and/or a
Qos flow in a PDU session, and/or a DRB in a PDU session.

The message contains information about whether the direct data forwarding path is
available. When the direct data forwarding path is available, the S-gNB can contain in-
formation indicating that the direct data forwarding path is available. Through the
absence of the direct data forwarding path information element, the AMF knows that
the direct data forwarding path is not available. The source base station can decide,
based on the presence or absence of an Xn interface between the source base station
and a target base station, whether the direct data forwarding path is available. Without
influencing the main contents of the present invention, the source base station can also
decide whether to perform direct data forwarding by considering other factors, for
example, by considering the presence or absence of an IP connection between the
source base station and the target base station.

In a source-to-target transparent container or in a handover required message, the
source base station contains PDU session information requiring data forwarding and/or
Qos flow information requiring data forwarding. The PDU session information
contains a PDU session identifier and/or the downlink data forwarding proposed by the
source base station. The Qos flow information contains a Qos flow identifier and/or the
downlink data forwarding proposed by the source base station. A mapping relationship
from the Qos flow in the PDU session to the DRB and/or DRB configuration in-
formation can further be contained in the source-to-target transparent container. DRB
information requiring data forwarding can further be contained in the source-to-target
transparent container or in a handover required message. The DRB information
contains a DRB identifier and/or the downlink data forwarding proposed by the source
base station. The source base station can contain the DRB information requiring data
forwarding only when the direct data forwarding path is available. The mapping rela-
tionship from the Qos flow in the PDU session to the DRB, the DRB configuration in-
formation and/or the DRB information requiring data forwarding can also be contained
in the handover required message.

The handover required message contains an identifier of a target base station. The

handover required message can further contain an identifier of a target cell and a
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Tracking Area Identifier (TAI) of the target cell.

The S-gNB decides whether the target base station is connected to a 5GC base station
or connected to an Evolved Partition Core Network (EPC). If the target base station is
an LTE eNB, the eNB can be connected to an EPC or a 5GC.

The source base station can know, by the following ways, whether the eNB supports
an interface to the 5GC.

Way 1: The eNB broadcasts whether it supports an interface to the SGC. A UE reads
the broadcast information of the eNB, and transmits, to a serving base station (e.g., a
gNB) of the UE, information indicating whether a neighboring base station supports
the interface to the SGC.

Way 2: Through the establishment process of an interface between a gNB and an
eNB, the eNB informs the gNB whether it supports an interface to the 5G core
network.

Way 3: Through an O&M configuration, a gNB knows whether an eNB supports an
interface to the 5G core network.

The handover required message can contain a list of PDU session information of the
UE. The PDU session information of the UE is the same as that in the step 902 and
will not be repeated in detail herein. If the target base station is connected to the SGC,
the handover required message can contain the list of PDU session information of the
UE. If the target base station is connected to the EPC, the handover required message
may not contain the list of PDU session information of the UE.

The gNB informs the AMF of a handover type. The handover type includes a
handover inside NR, a handover from NR to LTE, a handover from NR to UTRAN
and a handover from NR to GERAN and/or GSM. For the handover from NR to LTE,
a 5G-RAN informs a SGC CP whether the handed-over target base station is a base
station connected to the 5G core network or whether this handover is a handover
between different systems. An LTE eNB may support an interface to the SGC, or may
not support an interface to the SGC. If the target base station is also connected to the
5GC, the handover is a handover inside the 5G system. If the target base station is
connected to the EPC but not connected to the 5GC, the handover is a handover
between different systems. The gNB can inform the AMF that this handover is a
handover between different systems through information about an inter-system
handover or information indicating that there is no interface between the target base
station and the 5GC, which being in the handover required message. If an identifier of
an eNB connected to the SGC and an identifier of an eNB not connected to the SGC
are different in length, the AMF can determine, according to the length of the identifier
of the target base station contained in the received handover required message, whether

the handover is a handover between different systems. Or, the gNB sets the handover
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type in the handover required message as a handover from the NR to an eNB
connected to the EPC or a handover from the NR to an eNB connected to the 5GC, so
as to inform the AMF of the handover type. The handover type indicates the core
network to which the target eNB is connected is an EPC or a 5GC. If the core network
is a 5GC, the handover is an intra-system handover. If the core network is an EPC, the
handover is a handover between different systems.

Step 1403: The AMF transmits a handover request message to a target gNB (T-gNB).
This message contains a source-to-target transparent container. This message contains
a list of PDU session information. The PDU session information is the same as that in
the step 1402 and will not be repeated in detail herein.

The AMF decides whether to use direct data forwarding or indirect data forwarding.
The AMF decides, according to the information indicating whether the direct data
forwarding path is available received from the S-gNB, whether to use direct data
forwarding or indirect data forwarding. The AMF can also decide, by considering other
factors, whether to use direct data forwarding or indirect data forwarding, without in-
fluencing the main contents of the present invention. The AMF decides whether the
data forwarding is possible. The infeasibility of the data forwarding can be specific to
each PDU session. For a handover between different AMFs, if a source AMF decides
to use direct data forwarding, the source AMF informs a target AMF of information
about the direct data forwarding. The source AMF informs the target AMF of in-
formation indicating whether the data forwarding is possible.

This handover request message contains the direct data forwarding or indirect data
forwarding. The AMF can inform the target base station of the direct data forwarding
when the direct data forwarding is used. When there is no direct data forwarding in the
handover request message, the target base station knows that the direct data forwarding
is impossible. This message contains information indicating that the data forwarding is
impossible. The infeasibility of the data forwarding can be specific to each PDU
session. If this message contains the direct data forwarding or indirect data forwarding
or absence of information element indicating that the data forwarding is impossible, it
is indicated that the data forwarding is possible. For a certain PDU session, if there is
no any information element indicating that the data forwarding is impossible, it is
indicated that the data forwarding for the PDU session is possible. The handover
request message contains a source-to-target transparent container. The information
contained in the source-to-target transparent container is the same as that in the step
801 and will not be repeated in detail herein.

A specific method for allocating data forwarding tunnels by the T-gNB is the same as
that in the step 804 and will not be repeated in detail herein. A specific method for
proposing, by the T-gNB, uplink data forwarding and allocating uplink data
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forwarding tunnels is the same as that in the step 804 and will not be repeated here.

The target base station decides whether to use the same DRB configuration and the
same mapping from the Qos flow to the DRB as the source base station, or use a full
configuration.

The target base station informs the source base station of information indicating
whether the same DRB configuration and the same mapping from the Qos flow to the
DRB as the source base station are used, or the full configuration is used. The target
base station can transmit the information to the source base station through a target-
to-source transparent container. Or, the target base station transmits the information to
the source base station through the handover request acknowledgement message in the
step 907 and the handover command message in the step 912.

Step 1404: The T-gNB transmits a handover request acknowledgement message to
the AMF. This message contains the data forwarding tunnel information allocated by
the target base station. This message contains a target-to-source transparent container.
This message contains a list of established PDU sessions and/or a list of unsuccessfully
established PDU sessions. For an established PDU session, this message contains suc-
cessfully established Qos flows and unsuccessfully established Qos flows. For
different data forwarding methods in the step 804, the data forwarding tunnel in-
formation can be specific to each PDU session, each Qos flow and/or each DRB. The
data forwarding tunnel information can be contained in a target-to-source transparent
container and/or a handover request acknowledgement message. Preferably, the data
forwarding tunnel information corresponding to the DRB can be contained in the
target-to-source transparent container.

If the source base station proposes data forwarding for a Qos flow in a PDU session,
and if the Qos flow is successfully established and the target base station accepts data
forwarding for the Qos flow(s), the target base station may allocate data forwarding
tunnel information for the PDU session to which the Qos flow belongs. For a Qos flow
or Qos flows that the target base station accepts the data forwarding, the target base
station transmits the indication information of accepting the data forwarding to the
source base station, so that the source base station knows which Qos flow or Qos flows
in the PDU session is accepted for data forwarding by the target base station. The
target base station transmits the tunnel information allocated for the corresponding
PDU session to the source base station.

If the source base station proposes the data forwarding for a DRB in a PDU session,
and if the DRB is successfully established, the target base station may also allocate
user plane tunnel information including the address of a transport layer and TEID to
each DRB that requires data forwarding. The source base station can know that the

target base station has accepted the data forwarding for the DRB, through the user
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plane tunnel information corresponding to the DRB. If the source base station proposes
the data forwarding for a DRB in a PDU session, and if the DRB is successfully es-
tablished and the target base station accepts the data forwarding for the DRB, the target
base station allocates data forwarding tunnel information to the PDU session to which
the DRB belongs. For the DRB or DRBs that the target base station accepts the data
forwarding, the target base station transmits the indication information of accepting the
data forwarding to the source base station, so that the source base station knows which
DRB or DRBs in the PDU session is accepted for data forwarding by the target base
station. The target base station transmits tunnel information allocated for the corre-
sponding PDU session to the source base station.

The target base station proposes uplink data forwarding. The target base station
proposes UL data forwarding for per PDU session, and/or per Qos flow and/or per
DRB. The handover request acknowledgement message contains PDU session in-
formation, Qos flow information and/or DRB information proposed for data
forwarding by the target base station. If the target base station proposes uplink data
forwarding for a PDU session, the target base station allocates PDU-level tunnel in-
formation to the PDU session. If the target base station proposes uplink data
forwarding for a Qos flow, the target base station may allocate Qos flow-level tunnel
information or PDU session-level tunnel information, and for the PDU session-level
tunnel information, the target base station contains an identifier of the Qos flow
proposing uplink data forwarding in the handover request acknowledgement message.
If the target base station proposes uplink data forwarding for a DRB, the target base
station may allocate DRB-level tunnel information or PDU session-level tunnel in-
formation, and for the PDU session-level tunnel information, target base station
contains an identifier of the DRB proposing uplink data forwarding in the handover
request acknowledgement message. The specific method is the same as describe in step
804 and will not be described in detail herein.

Step 1405: The AMF transmits an indirect data forwarding tunnel establishment
message to an SMF. The SMF is a temporary SMF selected for performing data
forwarding, a certain SMF serving the UE, or an SMF corresponding to each PDU
session requiring data forwarding. The indirect data forwarding tunnel establishment
message contains the PDU session information that the data forwarding is accepted by
the target base station The PDU session information contains the PDU session
identifier, the downlink data forwarding tunnel information allocated by the target base
station and/or the tunnel information of the uplink data forwarding proposed by the
target base station. The PDU session information can further contain Qos flow in-
formation accepted by the target base station and/or failed Qos flow information in the

PDU session. The accepted Qos flow information contains the Qos flow identifier, the
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downlink data forwarding tunnel information allocated to the Qos flow by the target
base station and/or the tunnel information allocated to the Qos flow during the uplink
data forwarding proposed by the target base station. During the indirect data
forwarding, for the PDU session accepted by the target base station, if at least one
accepted Qos flow requires data forwarding, the AMF requests the SMF to establish an
indirect data forwarding tunnel.

The steps 1405 to 1408 are executed only during the indirect data forwarding. For the
direct data forwarding, the AMF will transmit, in the step 1409 and to the source base
station, the data forwarding tunnel information received from the target base station.

Step 1406: The SMF transmits a session modification request message to an UPF.
The SMF transmits, to the UPF, the indirect data forwarding tunnel information
allocated by the T-gNB, and requests the UPF to allocate tunnel information used for
data forwarding from the S-gNB to the UPF. This message can also be a session estab-
lishment request message between the SMF and the UPF. The UPF is a temporary UPF
selected for performing data forwarding, a certain UPF serving the UE, or an UPF cor-
responding to each PDU session requiring data forwarding. For the UPF corresponding
to each PDU session requiring data forwarding, the UPF can be a source UPF or a
target UPF, and the target UPF is specific to a situation that the UPF is repositioned. If
the UPF is a temporary UPF selected for performing data forwarding, the SMF selects
an UPF having an interface to the target gNB.

Step 1407: The UPF transmits a session modification response message to the SMF.
This message can also be a session establishment response message between the SMF
and the UPF. This message contains the data forwarding tunnel information from the
S-gNB to the UPF allocated by the UPF. The tunnel information contains a tunnel
identifier and an address of a transport layer. The tunnel information can be specific to
each PDU session and/or each Qos flow in each PDU session. The tunnel information
can also be specific to a DRB.

Step 1408: The SMF transmits an indirect data forwarding tunnel establishment
response message to the AMF. This message contains a PDU session identifier and in-
formation of Session Management (SM) at an NG-C interface. This message contains
the data forwarding tunnel information from the S-gNB to the UPF allocated by the
UPF.

Step 1409: The AMF transmits a handover command message to the S-gNB. This
message contains a target-to-source transparent container. For the indirect data
forwarding, the AMF transmits, to the source base station, the data forwarding tunnel
information allocated by an UPF. If the UPF changes during a handover process, the
AMF transmits, to the source base station, the data forwarding tunnel information

allocated by the source UPF. For a successfully established Qos flow, the message may
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also contain an indication that the target base station has accepted data forwarding for
the Qos flow. For a successfully established DRB, the message may also contain an in-
dication that the target base station has accepted data forwarding for the DRB. The
message also contains Qos flow information that the target base station proposes
uplink data forwarding or DRB information that the target base station proposes uplink
data forwarding or PDU session information proposed for uplink data forwarding by
the target base station. The information may be tunnel identifier information allocated
for data forwarding or uplink data forwarding proposal information corresponding to a
Qos flow or DRB.

Step 1410: The S-gNB transmits a handover command message to a UE.

In downlink, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding according to the received indication information of data forwarding
accepted for a Qos flow and/or indication information of data forwarding accepted for
a DRB, and perform data forwarding on the data of the Qos flow or DRB on a corre-
sponding data forwarding tunnel. The data forwarding tunnel is corresponding to each
Qos flow, each DRB or each PDU session. The data forwarding can be direct data
forwarding or indirect data forwarding. For the direct data forwarding, data not ac-
knowledged by a UE and/or data allocated with a PDCP SN can be forwarded through
a tunnel for each DRB. Corresponding {resh data can be forwarded by a tunnel corre-
sponding to each PDU session. The forwarded data can be a GTP-U data packet, an
SDAP data packet or a PDCP data packet. The PDCP data packet can be a data packet
containing a PDCP SN or a data packet containing no PDCP SN. For the indirect data
forwarding, the data forwarded by the tunnel corresponding to each PDU session can
be a GTP-U data packet, an SDAP data packet or a PDCP data packet. The PDCP data
packet can be a data packet containing a PDCP SN or a data packet containing no
PDCP SN. For the direct data forwarding or indirect data forwarding, data can also be
transmitted to the target base station through a tunnel corresponding to each Qos flow.

If the target base station uses the full configuration, the source base station forwards
only fresh data to the target base station. If the target base station uses the same DRB
configuration and the same mapping from the Qos flow to the DRB as the source base
station, the source base station forwards, to the target base station, data not ac-
knowledged by the UE, data not transmitted to the UE and/or fresh data.

In uplink, if the source base station accepts the data forwarding proposed by the
target base station, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding on the data of a Qos flow or DRB on a corresponding data forwarding

tunnel, if the source base station accepts the uplink data forwarding, according to a Qos
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flow, DRB or PDU information proposed for data forwarding by the target base
station. The data forwarding tunnel information can be per Qos flow, per DRB or per
PDU session.. The data forwarding can be direct data forwarding or indirect data
forwarding.

Step 1411: The UE transmits a handover completion message to the T-gNB.

Step 1412: The T-gNB transmits a handover notification message to the AMF.

Step 1413: The AMF transmits an N11 message to the SMF. An interface between
the AMF and the SMF is N11. This message contains the PDU session identifier. This
message is specific to each PDU session.

Step 1414: The SMF transmits a session modification request message to an UPF.

Step 1415: The UPF transmits a session modification response message to the SMF.

Step 1416: The SMF transmits an N11 acknowledgement message to the AMF.

Step 1417: The AMF transmits a UE context release command message to the S-
gNB.

Step 1418: The S-gNB transmits a UE context release completion message to the
AMF.

So far, the sixth method of the present invention has been described. By the method
in this embodiment, different data forwarding methods can be supported, the loss of
data can be avoided and the continuity of services can be ensured. For the handover in
a 5G system, if a source base station transmits PDU session information of UE to an
AMF, in the handover preparation stage, the AMF does not need to interact with an
SMEF to obtain the PDU session information of the UE, so that the handover delay is
reduced.

Fig. 15 shows a method of PDU session establishment for supporting handover
according to the present invention. This embodiment will be described by taking a base
station being a gNB as example. Actually, this embodiment is also suitable for a
situation where the base station is an eNB connected to a 5GC, and a base station
connected to a SGC may also be an ng-eNB. Here, the detailed description of steps ir-
relevant to the present invention has been omitted. In this method of the present
invention, the function partition of an AMF and an SMF is still kept. The SMF is re-
sponsible for session management. The AMF can store the received PDU session in-
formation. This method comprises the following steps:

Step 1501: A UE transmits a Non-Access Stratum (NAS) message to an AMF to
request to establish a PDU session. The NAS message contains Single-Network Slice
Selection Assistance Information (S-NSSAI), a Data Network Name (DNN), a PDU
session identifier, a request type and N1 SM information. The N1 SM information
contains a PDU session establishment request.

Step 1502: The AMF selects an SMF. The AMF stores the PDU session identifier
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and an SMF identifier. The AMF transmits a Session Management (SM) request
message to the SMF. This message contains N1 SM information. The N1 SM in-
formation contains the PDU session identifier, and the PDU session establishment
request received from the UE.

Here, the authorization data process to the unified data management, the PDU
session authorization and authentication process and the process to the Packet Control
Function (PCF) will not be described in detail.

The SMF selects an UPF.

Step 1503: If the request is an initial request and the PDU session authorization and
authentication process is not performed, the SMF initiates a session establishment
process with the UPF. Otherwise, a session modification process will be initiated. The
SMEF transmits a session establishment request message or a session modification
request message to the UPF.

Step 1504: The UPF transmits a session establishment response message or a session
modification response message to the SMF.

Step 1505: The SMF transmits an SM response message to the AMF. This message
contains N2 SM information and N1 SM information. The N2 SM information
contains the PDU session identifier, Qos information and NG interface uplink tunnel
information allocated by the core network. The Qos information provides a mapping
relationship between Qos parameters and Qosflow identifiers. The N2 interface in the
present invention is a control plane interface between the AMF and the NG-RAN, i.e.,
an NG-C. The N2 SM information is the same as the NG-C SM information.

The AMF stores the N2 SM information of the PDU session.

Step 1506: The AMF transmits a PDU session resource establishment request
message to a gNB. This message contains the N2 SM information and the NAS
message.

Step 1507: The gNB triggers a radio resource reconfiguration process with the UE.
The gNB allocates NG interface downlink user plane tunnel information. The gNB
transmits the NAS message to the UE. The UE transmits a response message to the
gNB.

Step 1508: The gNB transmits a PDU session resource establishment response
message to the AMF. This message contains the PDU session identifier and the N2 SM
information. The N2 SM information contains the PDU session identifier, the tunnel
information allocated by the gNB, the accepted Qos information and/or the rejected
Qos flow information. The AMF stores the received N2 SM information.

Step 1509: The AMF transmits an SM request 2 to the SMF. This message contains
the N2 SM information received from the gNB.

Step 1510: The SMF transmits a session modification request message to an UPF. If
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the corresponding PDU has not been established in the UPF, the message is a session
establishment request message. The SMF transmits tunnel information of an access
network to the UPF. The tunnel information of the access network is downlink tunnel
information allocated by the gNB.

Step 1511: The UPF transmits a session modification response to the SMF. If the
session establishment request is received in the step 1010, this process is a session es-
tablishment response.

Step 1512: The SMF transmits an SM response 2 message to the AMF.

So far, the PDU session establishment process in the method for supporting handover
of the present invention has been described. By the method in this embodiment, since
the information of a PDU session established by the UE is stored in the AMF, in the
handover preparation stage, the AMF does not need to interact with the SMF to obtain
the PDU session information of the UE, so that the handover delay is reduced.

Fig. 16 shows a schematic diagram of a seventh method of the present invention.
This embodiment will be described by taking both a source base station and a target
base station being gNBs as example. Actually, this method is also suitable for a
situation where the source base station is an eNB connected to the 5GC or the target
base station is an eNB connected to the 5GC, and a base station connected to a SGC
may also be an ng-eNB. Here, the detailed description of steps irrelevant to the present
invention has been omitted. This method comprises the following steps:

Step 1601: A source gNB (S-gNB) decides to initiate a handover to a UE.

Step 1602: The S-gNB transmits a handover required message to an AMF.

The source base station proposes downlink data forwarding. The downlink data
forwarding proposed by the source base station is specific to a PDU session, and/or a
Qos flow in a PDU session, and/or a DRB in a PDU session.

The message contains information about whether the direct data forwarding path is
available. When the direct data forwarding path is available, the S-gNB can contain in-
formation indicating that the direct data forwarding path is available. Through the
absence of the direct data forwarding path information element, the AMF knows that
the direct data forwarding path is not available. The source base station can decide,
based on the presence or absence of an Xn interface between the source base station
and a target base station, whether the direct data forwarding path is available. Without
influencing the main contents of the present invention, the source base station can also
decide whether to perform direct data forwarding by considering other factors, for
example, by considering the presence or absence of an IP connection between the
source base station and the target base station.

In a source-to-target transparent container or in a handover required message, the

source base station contains PDU session information requiring data forwarding and/or
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Qos flow information requiring data forwarding. The PDU session information
contains a PDU session identifier and/or the downlink data forwarding proposed by the
source base station. The Qos flow information contains a Qos flow identifier and/or the
downlink data forwarding proposed by the source base station. A mapping relationship
from the Qos flow in the PDU session to the DRB and/or DRB configuration in-
formation can further be contained in the source-to-target transparent container. DRB
information requiring data forwarding can further be contained in the source-to-target
transparent container. The DRB information contains a DRB identifier and/or the
downlink data forwarding proposed by the source base station. The source base station
can contain the DRB information requiring data forwarding only when the direct data
forwarding path is available. The mapping relationship from the Qos flow in the PDU
session to the DRB, the DRB configuration information and/or the DRB information
requiring data forwarding can also be contained in the handover required message.

The handover required message contains an identifier of a target base station. The
handover required message can further contain an identifier of a target cell and a
Tracking Area Identifier (TAI) of the target cell.

The S-gNB decides whether the target base station is connected to a 5GC base station
or connected to an Evolved Partition Core Network (EPC). If the target base station is
an LTE eNB, the eNB can be connected to an EPC or a 5GC.

The source base station can know, by the following ways, whether the eNB supports
an interface to the 5GC.

Way 1: The eNB broadcasts whether it supports an interface to the SGC. A UE reads
the broadcast information of the eNB, and transmits, to a serving base station (e.g., a
gNB) of the UE, information indicating whether a neighboring base station supports
the interface to the SGC.

Way 2: Through the establishment process of an interface between a gNB and an
eNB, the eNB informs the gNB whether it supports an interface to the 5G core
network.

Way 3: Through an O&M configuration, a gNB knows whether an eNB supports an
interface to the 5G core network.

The gNB informs the AMF of a handover type. The handover type includes a
handover inside NR, a handover from NR to LTE, a handover from NR to UTRAN
and a handover from NR to GERAN and/or GSM. For the handover from NR to LTE,
a 5G-RAN informs a SGC CP whether the handed-over target base station is a base
station connected to the 5G core network or whether this handover is a handover
between different systems. An LTE eNB may support an interface to the SGC, or may
not support an interface to the SGC. If the target base station is also connected to the

5GC, the handover is a handover inside the 5G system. If the target base station is
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connected to the EPC but not connected to the 5GC, the handover is a handover
between different systems. The gNB can inform the AMF that this handover is a
handover between different systems through information about an inter-system
handover or information indicating that there is no interface between the target base
station and the 5GC, which being in the handover required message. If an identifier of
an eNB connected to the SGC and an identifier of an eNB not connected to the SGC
are different in length, the AMF can determine, according to the length of the identifier
of the target base station contained in the received handover required message, whether
the handover is a handover between different systems. Or, the gNB sets the handover
type in the handover required message as a handover from the NR to an eNB
connected to the EPC or a handover from the NR to an eNB connected to the 5GC, so
as to inform the AMF of the handover type. The handover type indicates the core
network to which the target eNB is connected is an EPC or a 5GC. If the core network
is a 5GC, the handover is an intra-system handover. If the core network is an EPC, the
handover is a handover between different systems.

Step 1603: The AMF transmits a handover request message to a target gNB (T-gNB).
This message contains a source-to-target transparent container. This message contains
a list of PDU session information. The AMF knows the PDU session information of
the UE according to the N2 SM information stored during the PDU session estab-
lishment process. The PDU session information is the same as that in the step 1402 and
will not be repeated in detail herein.

The AMF decides whether to use direct data forwarding or indirect data forwarding.
The AMF decides, according to the information indicating whether the direct data
forwarding path is available received from the S-gNB, whether to use direct data
forwarding or indirect data forwarding. The AMF can also decide, by considering other
factors, whether to use direct data forwarding or indirect data forwarding, without in-
fluencing the main contents of the present invention. The AMF decides whether the
data forwarding is possible. The infeasibility of the data forwarding can be specific to
each PDU session. For a handover between different AMFs, if a source AMF decides
to use direct data forwarding, the source AMF informs a target AMF of information
about the direct data forwarding. The source AMF informs the target AMF of in-
formation indicating whether the data forwarding is possible.

This handover request message contains the direct data forwarding or indirect data
forwarding. The AMF can inform the target base station of the direct data forwarding
when the direct data forwarding is used. When there is no direct data forwarding in the
handover request message, the target base station knows that the direct data forwarding
is impossible. This message contains information indicating that the data forwarding is

impossible. The infeasibility of the data forwarding can be specific to each PDU
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session. If this message contains the direct data forwarding or indirect data forwarding
or absence of information element indicating that the data forwarding is impossible, it
is indicated that the data forwarding is possible. For a certain PDU session, if there is
no any information element indicating that the data forwarding is impossible, it is
indicated that the data forwarding for the PDU session is possible. The handover
request message contains a source-to-target transparent container. The information
contained in the source-to-target transparent container is the same as that in the step
801 and will not be repeated in detail herein.

A specific method for allocating data forwarding tunnels by the T-gNB is the same as
that in the step 804 and will not be repeated in detail herein. A specific method for
proposing, by the T-gNB, uplink data forwarding and allocating uplink data
forwarding tunnels is the same as that in the step 804 and will not be repeated here.

The target base station decides whether to use the same DRB configuration and the
same mapping from the Qos flow to the DRB as the source base station, or use a full
configuration.

The target base station informs the source base station of information indicating
whether the same DRB configuration and the same mapping from the Qos flow to the
DRB as the source base station are used, or the full configuration is used. The target
base station can transmit the information to the source base station through a target-
to-source transparent container. Or, the target base station transmits the information to
the source base station through the handover request acknowledgement message in the
step 907 and the handover command message in the step 912.

Step 1604: The T-gNB transmits a handover request acknowledgement message to
the AMF. This message contains the data forwarding tunnel information allocated by
the target base station. This message contains a target-to-source transparent container.
This message contains a list of established PDU sessions and/or a list of unsuccessfully
established PDU sessions. For an established PDU session, this message contains suc-
cessfully established Qos flows and unsuccessfully established Qos flows. For
different data forwarding methods in the step 704, the data forwarding tunnel in-
formation can be specific to each PDU session, each Qos flow and/or each DRB. The
data forwarding tunnel information can be contained in a target-to-source transparent
container and/or a handover request acknowledgement message. Preferably, the data
forwarding tunnel information corresponding to the DRB can be contained in the
target-to-source transparent container.

If the source base station proposes data forwarding for a Qos flow in a PDU session,
and if the Qos flow is successfully established and the target base station accepts data
forwarding for the Qos flow(s), the target base station may allocate data forwarding

tunnel information for the PDU session to which the Qos flow belongs. For a Qos flow
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or Qos flows that the target base station accepts the data forwarding, the target base
station transmits the indication information of accepting the data forwarding to the
source base station, so that the source base station knows which Qos flow or Qos flows
in the PDU session is accepted for data forwarding by the target base station. The
target base station transmits the tunnel information allocated for the corresponding
PDU session to the source base station.

If the source base station proposes the data forwarding for a DRB in a PDU session,
and if the DRB is successfully established, the target base station may also allocate
user plane tunnel information including the address of a transport layer and TEID to
each DRB that requires data forwarding. The source base station can know that the
target base station has accepted the data forwarding for the DRB, through the user
plane tunnel information corresponding to the DRB. If the source base station proposes
the data forwarding for a DRB in a PDU session, and if the DRB is successfully es-
tablished and the target base station accepts the data forwarding for the DRB, the target
base station allocates data forwarding tunnel information to the PDU session to which
the DRB belongs. For the DRB or DRBs that the target base station accepts the data
forwarding, the target base station transmits the indication information of accepting the
data forwarding to the source base station, so that the source base station knows which
DRB or DRBs in the PDU session is accepted for data forwarding by the target base
station. The target base station transmits tunnel information allocated for the corre-
sponding PDU session to the source base station.

The target base station proposes uplink data forwarding. The target base station
proposes UL data forwarding for per PDU session, and/or per Qos flow and/or per
DRB. The handover request acknowledgement message contains PDU session in-
formation, Qos flow information and/or DRB information proposed for data
forwarding by the target base station. If the target base station proposes uplink data
forwarding for a PDU session, the target base station allocates PDU-level tunnel in-
formation to the PDU session. If the target base station proposes uplink data
forwarding for a Qos flow, the target base station may allocate Qos flow-level tunnel
information or PDU session-level tunnel information, and for the PDU session-level
tunnel information, the target base station contains an identifier of the Qos flow
proposing uplink data forwarding in the handover request acknowledgement message.
If the target base station proposes uplink data forwarding for a DRB, the target base
station may allocate DRB-level tunnel information or PDU session-level tunnel in-
formation, and for the PDU session-level tunnel information, target base station
contains an identifier of the DRB proposing uplink data forwarding in the handover
request acknowledgement message. The specific method is the same as describe in step

804 and will not be described in detail herein.
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Step 1605: The AMF transmits an indirect data forwarding tunnel establishment
message to an SMF. The SMF is a temporary SMF selected for performing data
forwarding, a certain SMF serving the UE, or an SMF corresponding to each PDU
session requiring data forwarding. The indirect data forwarding tunnel establishment
message contains the PDU session information that the data forwarding is accepted by
the target base station The PDU session information contains the PDU session
identifier, the downlink data forwarding tunnel information allocated by the target base
station and/or the tunnel information of the uplink data forwarding proposed by the
target base station. The PDU session information can further contain Qos flow in-
formation accepted by the target base station and/or failed Qos flow information in the
PDU session. The accepted Qos flow information contains the Qos flow identifier, the
downlink data forwarding tunnel information allocated to the Qos flow by the target
base station and/or the tunnel information allocated to the Qos flow during the uplink
data forwarding proposed by the target base station. During the indirect data
forwarding, for the PDU session accepted by the target base station, if at least one
accepted Qos flow requires data forwarding, the AMF requests the SMF to establish
indirect data forwarding tunnel.

The steps 1605 to 1608 are executed only during the indirect data forwarding. For the
direct data forwarding, the AMF will transmit, in the step 1609 and to the source base
station, the data forwarding tunnel information received from the target base station.

Step 1606: The SMF transmits a session modification request message to an UPF.
The SMF transmits, to the UPF, the indirect data forwarding tunnel information
allocated by the T-gNB, and requests the UPF to allocate tunnel information used for
data forwarding from the S-gNB to the UPF. This message can also be a session estab-
lishment request message between the SMF and the UPF. The UPF is a temporary UPF
selected for performing data forwarding, a certain UPF serving the UE, or an UPF cor-
responding to each PDU session requiring data forwarding. For the UPF corresponding
to each PDU session requiring data forwarding, the UPF can be a source UPF or a
target UPF, and the target UPF is specific to a situation that the UPF is repositioned. If
the UPF is a temporary UPF selected for performing data forwarding, the SMF selects
an UPF having an interface to the target gNB.

Step 1607: The UPF transmits a session modification response message to the SMF.
This message can also be a session establishment response message between the SMF
and the UPF. This message contains the data forwarding tunnel information from the
S-gNB to the UPF allocated by the UPF. The tunnel information contains a tunnel
identifier and an address of a transport layer. The tunnel information can be specific to
each PDU session and/or each Qos flow in each PDU session. The tunnel information

can also be specific to a DRB.



WO 2018/203734 PCT/KR2018/005233

[410]

[411]

[412]
[413]

69

Step 1608: The SMF transmits an indirect data forwarding tunnel establishment
response message to the AMF. This message contains a PDU session identifier and in-
formation of Session Management (SM) at an NG-C interface. This message contains
the data forwarding tunnel information from the S-gNB to the UPF allocated by the
UPF.

Step 1609: The AMF transmits a handover command message to the S-gNB. This
message contains a target-to-source transparent container. For the indirect data
forwarding, the AMF transmits, to the source base station, the data forwarding tunnel
information allocated by an UPF. If the UPF changes during a handover process, the
AMF transmits, to the source base station, the data forwarding tunnel information
allocated by the source UPF. For a successfully established Qos flow, the message may
also contain an indication that the target base station has accepted data forwarding for
the Qos flow. For a successfully established DRB, the message may also contain an in-
dication that the target base station has accepted data forwarding for the DRB. The
message also contains Qos flow information that the target base station proposes
uplink data forwarding or DRB information that the target base station proposes uplink
data forwarding or PDU session information proposed for uplink data forwarding by
the target base station. The information may be tunnel identifier information allocated
for data forwarding or uplink data forwarding proposal information corresponding to a
Qos flow or DRB.

Step 1610: The S-gNB transmits a handover command message to a UE.

In downlink, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding according to the received indication information of data forwarding
accepted for a Qos flow and/or indication information of data forwarding accepted for
a DRB, and perform data forwarding on the data of the Qos flow or DRB on a corre-
sponding data forwarding tunnel. The data forwarding tunnel is corresponding to each
Qos flow, each DRB or each PDU session. The data forwarding can be direct data
forwarding or indirect data forwarding. For the direct data forwarding, data not ac-
knowledged by a UE and/or data allocated with a PDCP SN can be forwarded through
a tunnel for each DRB. Corresponding {resh data can be forwarded by a tunnel corre-
sponding to each PDU session. The forwarded data can be a GTP-U data packet, an
SDAP data packet or a PDCP data packet. The PDCP data packet can be a data packet
containing a PDCP SN or a data packet containing no PDCP SN. For the indirect data
forwarding, the data forwarded by the tunnel corresponding to each PDU session can
be a GTP-U data packet, an SDAP data packet or a PDCP data packet. The PDCP data
packet can be a data packet containing a PDCP SN or a data packet containing no

PDCP SN. For the direct data forwarding or indirect data forwarding, data can also be
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transmitted to the target base station through a tunnel corresponding to each Qos flow.

If the target base station uses the full configuration, the source base station forwards
only fresh data to the target base station. If the target base station uses the same DRB
configuration and the same mapping from the Qos flow to the DRB as the source base
station, the source base station forwards, to the target base station, data not ac-
knowledged by the UE, data not transmitted to the UE and/or fresh data.

In uplink, if the source base station accepts the data forwarding proposed by the
target base station, the source base station performs data forwarding according to the
received data forwarding tunnel information. The source base station can perform data
forwarding on the data of a Qos flow or DRB on a corresponding data forwarding
tunnel, if the source base station accepts the uplink data forwarding, according to a Qos
flow, DRB or PDU information proposed for data forwarding by the target base
station. The data forwarding tunnel information can be per Qos flow, per DRB or per
PDU session.. The data forwarding can be direct data forwarding or indirect data
forwarding.

Step 1611: The UE transmits a handover completion message to the T-gNB.

Step 1612: The T-gNB transmits a handover notification message to the AMF.

Step 1613: The AMF transmits an N11 message to the SMF. An interface between
the AMF and the SMF is N11. This message contains the PDU session identifier. This
message is specific to each PDU session.

Step 1614: The SMF transmits a session modification request message to an UPF.

Step 1615: The UPF transmits a session modification response message to the SMF.

Step 1616: The SMF transmits an N11 acknowledgement message to the AMF.

Step 1617: The AMF transmits a UE context release command message to the S-
gNB.

Step 1618: The S-gNB transmits a UE context release completion message to the
AMF.

So far, the seven method of the present invention has been described. By the method
in this embodiment, different data forwarding methods can be supported, the loss of
data can be avoided and the continuity of services can be ensured. If an AMF
transmits, according to the stored N2 SM information, the PDU session information of
a UE to a target base station, the AMF does not need to interact with an SMF to obtain
the PDU session information of the UE, so that the handover delay is reduced, in the
handover preparation stage.

By the method for supporting handover of the present invention, different data
forwarding methods are supported, the loss of data is avoided, and the continuity of
services is ensured. The forgoing description merely shows preferred embodiments of

the present invention and is not intended to limit the present invention. Any modi-
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fication, equivalent replacement or improvement made within the spirit and principle
of the present invention shall fall into the protection scope of the present invention.

Methods according to embodiments stated in claims and/or specifications of the
present disclosure may be implemented in hardware, software, or a combination of
hardware and software.

When the methods are implemented by software, a computer-readable storage
medium for storing one or more programs (software modules) may be provided. The
one or more programs stored in the computer-readable storage medium may be
configured for execution by one or more processors within the electronic device. The
at least one program may include instructions that cause the electronic device to
perform the methods according to various embodiments of the present disclosure as
defined by the appended claims and/or disclosed herein.

The programs (software modules or software) may be stored in non-volatile
memories including a random access memory and a flash memory, a read only
memory (ROM), an electrically erasable programmable read only memory
(EEPROM), a magnetic disc storage device, a compact disc-ROM (CD-ROM), digital
versatile discs (DVDs), or other type optical storage devices, or a magnetic cassette.
Alternatively, any combination of some or all of the may form a memory in which the
program is stored. Further, a plurality of such memories may be included in the
electronic device.

In addition, the programs may be stored in an attachable storage device which is ac-
cessible through communication networks such as the Internet, Intranet, local area
network (LAN), wide area network (WAN), and storage area network (SAN), or a
combination thereof. Such a storage device may access the electronic device via an
external port. Further, a separate storage device on the communication network may
access a portable electronic device.

In the above-described detailed embodiments of the present disclosure, a component
included in the present disclosure is expressed in the singular or the plural according to
a presented detailed embodiment. However, the singular form or plural form is selected
for convenience of description suitable for the presented situation, and various em-
bodiments of the present disclosure are not limited to a single element or multiple
elements thereof. Further, either multiple elements expressed in the description may be
configured into a single element or a single element in the description may be
configured into multiple elements.

While the present disclosure has been shown and described with reference to certain
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 scope of

the present disclosure. Therefore, the scope of the present disclosure should not be
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defined as being limited to the embodiments, but should be defined by the appended
claims and equivalents thereof.

Although the present disclosure has been described with an exemplary embodiment,
various changes and modifications may be suggested to one skilled in the art. It is
intended that the present disclosure encompass such changes and modifications as fall

within the scope of the appended claims.
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Claims

A method for operating a server in a wireless communication system,
the method comprising:

receiving, from source base station, whether a direct data forwarding
path is available;

determining data forwarding scheme based on the whether a direct data
forwarding path is available;

transmitting, to target base station, the determined data forwarding
scheme;

receiving, from target base station, data forwarding tunnel information
allocated by target base station based on the data forwarding scheme;
and

transmitting, to source base station, the allocated data forwarding
tunnel information.

The method of claim 1, wherein the data forwarding scheme comprises
whether to use direct data or indirect data forwarding.

The method of claim 1, wherein the method further comprises:
receiving, from the source base station, requested downlink data
forwarding by the source base station; and

transmitting, to the target base station, the downlink data forwarding.
The method of claim 3, wherein the downlink data forwarding includes
at least one of a protocol data unit (PDU) session, a quality of service
(Qos) flow in a PDU session, and/or a data radio bearer (DRB) in a
PDU session.

The method of claim 1, wherein the receiving, from source base station,
whether a direct data forwarding path is available, further comprises:
receiving, from the source base station, PDU session information
requiring data forwarding and/or Qos flow information requiring data
forwarding.

The method of claim 3, wherein the downlink data forwarding includes
DRB information requiring data forwarding only if the direct data
forwarding path is available.

The method of claim 2, wherein, for the direct data forwarding, the
target base station allocates user plane tunnel information for each
DRB requiring data forwarding, and the user plane tunnel information
includes an address of a transport layer and a tunnel endpoint ID
(TEID).
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The method of claim 2, wherein, for the indirect data forwarding, the
target base station allocates user plane tunnel information for each PDU
session requiring data forwarding, and the user plane tunnel in-
formation includes an address of a transport layer and a TEID.

The method of claim 7, wherein the method further comprises:
receiving, from the target base station, the tunnel information allocated
for data forwarding on a DRB in a handover request acknowledgement
message.

The method of claim 7, wherein the target base station additionally
allocates user plane tunnel information for each PDU session requiring
data forwarding, and the tunnel information includes an address of a
transport layer and a TEID.

The method of claim 10, the target base station additionally allocates
user plane tunnel information for each Qos flow requiring data
forwarding, and the user plane tunnel information includes an address
of a transport layer and a TEID.

The method of claim 8, wherein the target base station additionally
allocates user plane tunnel information for each Qos flow requiring
data forwarding, and the user plane tunnel information includes an
address of a transport layer and a transport layer and a TEID.

The method of claim 2, wherein transmitting, to source base station, the
allocated data forwarding tunnel information comprises:

for the direct data forwarding, if handover is performed between
different servers, transmitting, to the source base station, the tunnel in-
formation allocated by the target base station via another server.

The method of claim 2, wherein transmitting, to source base station, the
allocated data forwarding tunnel information comprises:

for the indirect data forwarding, transmitting, to the source base station,
data forwarding tunnel information allocated by an user plane function
entity (UPF); and

if the UPF changes during a handover process, transmitting, to the
source base station, data forwarding tunnel information allocated by a
source UPF.

An apparatus arranged to implement a method of one of claims 1 to 14.



WO 2018/203734

[Fig. 1]

[Fig. 2]

210

CT

Wireless
communication
interface

1/12

240

€<—>

Controller

PCT/KR2018/005233

220

Backhaul
communication
interface

I /230

Storage




WO 2018/203734 PCT/KR2018/005233
2/12
[Fig. 3]
120
/330 M g
Communication :
1 [320
Storage
[Fig. 4]
210 or 310
A02 A04 406-1 /408
S L Transmission path |—» j
En;?]c(ljing X Di?itall . b Ar}alogl
: eamforming - eamforming
mggcudﬂtr';" circuitry circuitry
f406-N
S > Transmission path |— j




WO 2018/203734 PCT/KR2018/005233
3/12

[Fig. 5]
530
510
Backhaul
Controller l«—>| communication
interface
1 520
Storage
[Fig. 6]
UTRAN >
” SGSN
608" 609
—+S3 HSS 606
S6a 3
— MME
0 51 PCRF
—S$1-MME ul GX‘F Ay
LTE-U, §1-U 5 G Bperator
UE E-UTRAN SGW PGW service
5 S S network
601 602 604 605
[Fig. 7]
7023 7025
AMF SMF

UE NG-RAN NG-U UPF  —NG6— DN




WO 2018/203734

A source base station informs a core network
whether a direct data forwarding path is available

4/12
[Fig. 8]

801

The core network decides whether to use

direct data forwarding or indirect data forwarding 802

The core network informs a target base station of
information about the direct data
forwarding or indirect data forwarding

803

The target base station allocates tunnel information
required by data forwarding according to whether to
use direct data forwarding or indirect data forwarding

804

The target base station transmits the allocated tunnel

information to the core network 805

PCT/KR2018/005233



WO 2018/203734 PCT/KR2018/005233

5/12
[Fig. 9]
UE S-gNB T-gNB AMF SMF UPF
I
901: Handover decision
902: Handover required 903: PDU
*| handover request
904: PDU
handover response
905: PDU handover
response supervision
906: Handover
request
907: Handover _
request 908: PDU : -
sdndnegeney] matficon (47 e e
T tumelrequest_
?1 0: Ir:iqirect dat?
, orwarding tunne
911: PDU establishment
modification response
913: Handover 012: Handover command ~ |«—10POMSE |=— = —
~command [
R P N Indirect data forwarding | -
Direct data
... forwarding __|
: 3 i 915: Handover
914: Handover completion __ notification | 916: Handover
™ completion
917: Handover
completion
acknowledgement
-918: UE context release command [
919: UE context r!zlease completion
: >




WO 2018/203734 PCT/KR2018/005233
6/12

[Fig. 10]

UE S-gNB T-gNB AMF SMF UPF

|
1001: Handover decision

1002: Handover
request

1003: Handover
request
1004: Handover |acknowledgement

- command 1005: SN status
transfer

-

Data forwarding

......................... [

1006: Handover completion | 1007: Path 1008: PDU

switch request | modification | 1009: Downlink

request | user plane tunnel

1010:PDU b= handover _

1011: Path modification
switch request | response
1012: UE context |acknowledgement

release -

-




WO 2018/203734

PCT/KR2018/005233
7112
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