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(57) Abstract: Disclosed is a method performed by a core network node (600) of a wire-
less communications network (100) comprising a first gNB (124) and a second gNB
(134), wherein a wireless device, WD (150), is connected to the first gNB (124), and
wherein there is a first Packet Data Unit, PDU, session established between the WD (150)
and a Data Network, DN, over a first User Plane Function, UPF, the DN comprising an
application server, AS (140). The method comprises obtaining (202) information regard-
ing a predicted positional change of the WD 150 indicating a new future position of the
WD 150 and selecting (204) a second UPF which is more suitable than the first UPF for
transmission of data between the application server and the WD 150 for the new future
position. The method further comprises triggering (206) establishment of the second PDU
session over the second UPF, and in response to the triggering establishment of the second
PDU session over the second UPF, triggering (212) a first move of packet flows from the
first PDU session to the second PDU session.
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METHODS AND APPARATUSES FOR SWITCHING
USER PLANE FUNCTIONS

Technical field

[0001] The present disclosure relates generally to methods and network nodes
of a wireless communications network, for switching between UPFs. More
specifically, it relates to establishing a new PDU session over a new UPF based
on a predicted new future position of a wireless device, and then moving packet
flows from the old PDU session to the new PDU sessions. The present disclosure
further relates to computer programs and carries corresponding to the above

methods and nodes.

Background

[0002] A wireless communications network comprises a radio access network
(RAN) and a core network. The RAN is the part of the wireless communications
network that handles wireless connections of wireless communication devices, aka
wireless devices, WDs 150, to the wireless communications network via a plurality
of radio access network nodes, aka base stations. The core network is the part of
the wireless communications network that connects the RAN to data networks,
e.g. the Internet or enterprise networks. The core network is e.g. responsible for
forwarding packets between the wireless devices and the data networks, for
charging, legal intercept, Quality of Service (QoS) management, and for policy

control etc.

[0003] In order to enable data transmission between a wireless device and an
application, a PDU session between the WD and a data network containing the
application server for the application may be used, wherein such a PDU session is
over a User Plane Function, UPF, which is suitable given the location of the WD.
However, as the WD moves, the UPF which is most suitable for providing
transmission of data between the WD and the AS may change. When the most
suitable UPF changes, there needs to be a re-configuration of the network,
including e.g. setup of tunnels and (re)configuration of nodes involved.
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[0004] In edge deployments, i.e. in deployments that facilitate data processing
at or near the source of data generation, re-configuration may involve steps such
as changing UPF and state relocation between UPFs. This involves buffering of
messages, resolving out-of-order packet delivery, and similar issues. It would be
beneficial to simplify this procedure.

Summary

[0005] Itis an object of the invention to address at least some of the problems
and issues outlined above. An object of embodiments of the invention is to enable
improved performance of wireless devices, especially during application level
handovers. It is possible to achieve these objects and others by using a method

and an apparatus as defined in the attached independent claims.

[0006] According to one aspect, a method is provided for switching UPFs is
provided, performed by a core network node of a wireless communications
network, the wireless communications network comprising a first gNB and a
second gNB, wherein a wireless device is connected to the wireless
communications network. There is a first Packet Data Unit, PDU, session
established between the WD and a Data Network, DN, over a first User Plane
Function, UPF, wherein the DN comprises an application server, AS. The method
comprises obtaining information regarding a predicted positional change of the
WD indicating a new future position of the WD, and selecting a second UPF which
is more suitable than the first UPF for transmission of data between the application
server and the WD for the new future position. The method further comprises
triggering establishment of the second PDU session over the second UPF, and in
response to the triggering establishment of the second PDU session over the
second UPF, triggering a first move of packet flows from the first PDU session to
the second PDU session.

[0007] According to another aspect, a method is provided for switching UPFs is
provided, performed by a wireless device of a wireless communications network.
The wireless communications network comprises a core network node, a first gNB

and a second gNB, wherein a wireless device is connected to the wireless
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communications network. There is a first Packet Data Unit, PDU, session
established between the WD and a Data Network, DN, over a first User Plane
Function, UPF, wherein the DN comprises an application server, AS. The method
comprises receiving an instruction to establish a second PDU session between the
WD and the DN over a second UPF, wherein the instruction is received in
response to a predicted positional change of the WD indicating a new future
position in which the second UPF is more suitable than the first UPF for
transmission of data between the AS and the WD. The method further comprises,
in response to the receiving, establishing the second PDU session over the
second UPF between the WD and the DN, and in response to the establishing the
second PDU session over the second UPF between the WD and the DN initiating
a first move of packet flows from the first PDU session over the first UPF to the

second PDU session over the second UPF.

[0008] According to another aspect, a method is provided for switching UPFs,
performed by an application server in a wireless communications network. The
wireless communications network comprises a core network node, a first gNB and
a second gNB, wherein a wireless device is connected to the wireless
communications network. There is a first Packet Data Unit, PDU, session
established between the WD and a Data Network, DN, over a first User Plane
Function, UPF, wherein the DN comprises the application server. The method
comprises subscribing to information regarding predicted positional changes of the
WD, and receiving an indication that a second PDU session has been established
between the DN and the WD over the second UPF, wherein the second PDU
session is received in response to a predicted positional change of the WD
indicating a new future position in which the second UPF is more suitable than the
first UPF for transmission of data between the AS and the WD. The method further
comprises, in response to the receiving an indication that a second PDU session
has been established between the DN and the WD over the second UPF, initiating
a first move of packet flows from the first PDU session over the first UPF to the
second PDU session over the second UPF.
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[0009] According to another aspect, a method is provided for switching UPFs,
performed by a first gNB of a wireless communications network. The wireless
communications network further comprises a core network node and a second
gNB, wherein a wireless device is connected to the wireless communications
network. There is a first Packet Data Unit, PDU, session established between the
WD and a Data Network, DN, over a first User Plane Function, UPF, wherein the
DN comprises an application server. The method comprises receiving a request
for establishing a second PDU session over a second UPF, based on the
predicted new position of the WD and obtaining an indication that the second PDU
session should be established via the most suitable gNB for the second UPF. The
method further comprises, based on the received indication and the received
request, ensuring that the second PDU session is established via the second gNB.

[00010] According to other aspects, computer programs and carriers are also
provided, the details of which will be described in the claims and the detailed
description.

[00011] The above method and apparatus may be configured and implemented

according to different optional embodiments. In one possible embodiment, ...

[00012] Further possible features and benefits of this solution will become
apparent from the detailed description below.

Brief description of drawings

[00013] The solution will now be described in more detail by means of exemplary
embodiments and with reference to the accompanying drawings, in which:

[00014] Fig. 1 is a view of a network architecture.

[00015] Fig. 2 is a block diagram of a wireless communications network in which
the present disclosure may be implemented.

[00016] Fig. 3 is a flow chart illustrating a method performed by a core network

node, according to possible embodiments
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[00017] Fig. 4 is a flow chart illustrating a method performed by a wireless device,
according to possible embodiments

[00018] Fig. 5 is a flow chart illustrating a method performed by an application

server, according to possible embodiments

[00019] Fig. 6 is a flow chart illustrating a method performed by a base station,

preferably a gNB, according to possible embodiments

[00020] Fig. 7 is a signaling diagram illustrating different embodiments of
procedures according to further possible embodiments.

[00021] Fig. 8 is a signaling diagram illustrating different embodiments of
procedures according to further possible embodiments.

[00022] Fig. 9 is a block diagram illustrating a core network node in more detail,
according to further possible embodiments.

[00023] Fig. 10 is a block diagram illustrating a wireless device in more detalil,
according to further possible embodiments.

[00024] Fig. 11 is a block diagram illustrating an application server in more detail,
according to further possible embodiments.

[00025] Fig. 12 is a block diagram illustrating a first base station, preferably a first
gNB, in more detail, according to further possible embodiments.

[00026] Fig. 13 schematically illustrates a telecommunication network connected
via an intermediate network to a host computer.

[00027] Fig. 14 is a generalized block diagram of a host computer communicating
via a wireless network node with a wireless device over a partially wireless

connection.

[00028] Figs. 15 to 18 are flowcharts illustrating methods implemented in a
communications network including a host computer, a wireless network node and

a wireless device.
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Detailed description

[00029] Briefly described, a solution is provided for preparing for a mobility event
of a Wireless Device, WD, before the mobility event actually occurs. This is
enabled by having information regarding a future trajectory of a WD, wherein the
trajectory of the WD details predicted positions at specific future points in time. By
informing both the WD and an application server, AS, of a Data Network, DN, to
which the WD is connected, about an upcoming mobility event of the WD, it is
possible to prepare for this mobility event by establishing a new PDU session over
a new User Plane Function, UPF, which is more suitable for a new predicted
position for the WD, than a UPF which is currently being used for communication
between the WD and the AS. When the new PDU session has been established,
there will be a period of time in which there are two PDU sessions active, wherein
the application and/or WD can prepare to move packet flows from the old session

to the new session.

[00030] Fig. 1 shows an example of an architecture a communications network in
which embodiments of the present disclosure may be implemented, which is
preferably a 5G system architecture. The names of the nodes represented in the
figure will now briefly be described, and throughout this document the
functionalities of the nodes can be assumed have at least the functions defined in
TS 23.501, unless otherwise specified, and may have additional functionalities.
The network comprises a core network comprising an Operations & Management,
O&M, node, a Unified Data Management, UDM, node, an Application and Mobility
Management Function, AMF, node, a Networks Data Analytics Function, NWDAF,
node, a Session Management Function, SMF, node, a Network Exposure
Function, NEF, node and an Application Function, AF, node. The network further
comprises Radio Access Network, RAN, comprising a base station, which may be
a gNB, a User Plane Function, UPF, node, a Data Network, DN, and an

Application, wherein a Wireless Device, WD, may be connected to the gNB.

[00031] Fig. 2 shows parts of a wireless communications network 100 in which
the present disclosure may be implemented. The communications network 100

comprises a central site 110, a first edge site 120 and a second edge site 130. The



WO 2020/190180 7 PCT/SE2019/050235

central site comprises the core network functions of the network, including a
Service and Management Function, SMF, and an Application Management
Function, AMF, as well as a Data Network, DN, and an Application Server, AS,
which is a part of the DN. The edge sites 120, 130 represents geographically
different areas, and each edge site comprises a UPF, a gNB, and an instance of
the DN, which in turn provides a connection to an instance of the AS. In practice,
the AS will likely be deployed as a cloud solution with functionalities spread across
different nodes, wherein the instance of the AS on the first edge site 110 employs
different resources than the instance of the AS on the second edge site 120, and
the same may be true for the DN. However, for the purpose of this application, the
AS will in most embodiments be treated as one big application server, and the DN
will in most embodiments be treated as one big data network, which provides

connectivity between the WD and the AS.

[00032] Thus, the central site comprises the AMF 112, the SMF 114, the DN 135,
which may be an origin of the DN, and the AS 140, which may be an origin of the
AS. The first edge site 120 comprises a first UPF 122, a first gNB 124, the DN
135, which may be a first instance of the DN, and the AS 140, which may be a first
instance of the AS. The second edge site has a second UPF 132, a second gNB
134, the DN 135, which may be a second instance of the DN, and the AS 140,

which may be a second instance of the AS.

[00033] As for the UPFs and the gNBs, the first UPF 122 at the first edge site 120
is a different UPF than the second UPF 132 of the second edge site 130, and the
first gNB 124 of the first edge site gNB is a different gNB than the second gNB 134
of the second edge site 130. In some embodiments, the first and second gNB of
the first and second edge sites are physically located at different geographic
areas. In some embodiments the first and second gNB of the first and second
edge sites deploy different resources in a distributed cloud solution. In some
embodiments, the first and second UPFs of the first and second edge sites of the
first and second site are physically located at different geographic areas. In some
embodiments the first and second UPFs of the first and second edge sites deploy

different resources in a distributed cloud solution.
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[00034] A Wireless Device, WD, 150, is connected to the wireless
communications network 100. The WD 150 is located at a first position 150a at a
first point in time, in which the entities of the first edge site are more suitable than
the entities of the second edge site for enabling transmission of data between the
WD and the DN, and subsequently for transmission of data between the WD and
the AS as well. However, at some point in time the WD will move to a second
position 150b, in which the entities of the second edge site are more suitable than
the entities of the first edge site for enabling transmission of data between the WD
and the DN. The present disclosure provides a way to prepare for the upcoming
change in positions of the WD, by using Machine Intelligence, MI, in order to
predict a future trajectory of the WD. A future trajectory of the WD comprises
predicted information regarding at which positions the WD will be located at during
specific points of time in the future. Such a predictive function may be
implemented anywhere in the core network, as long as it is able to provide
information regarding the predicted trajectory of a WD to the SMF. However, it is
assumed that the function will most likely be implemented in the Network Data
Analytics Function, NWDAF.

[00035] The wireless communications network 100 may be any kind of wireless
communications network that can provide wireless communication ability to
wireless devices. Example of such wireless communications networks are Global
System for Mobile communication (GSM), Enhanced Data Rates for GSM
Evolution (EDGE), Universal Mobile Telecommunications System (UMTS), Code
Division Multiple Access 2000 (CDMA 2000), Long Term Evolution (LTE), LTE
Advanced, Wireless Local Area Networks (WLAN), Worldwide Interoperability for
Microwave Access (WIMAX), WIMAX Advanced, as well as 5G wireless

communications networks based on technology such as New Radio (NR).

[00036] The first and second base stations, preferably first and second gNBs
124, 134 may be any kind of radio access network node that provides wireless
access to the wireless device 150 alone or in combination with another network
node. Other examples of such a radio access network node is a base transceiver
station, a BS controller, a network controller, a Node B (NB), an evolved Node B
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(eNB), a next generation Node B (gNB), a NR BS, a Multi-cell/multicast
Coordination Entity, a relay node, an access point (AP), a radio AP, a remote
radio unit (RRU), a remote radio head (RRH) and a multi-standard BS (MSR BS).

[00037] The wireless device 150, aka wireless communication device, may be
any type of device capable of wirelessly communicating with a base station using
radio signals. For example, the wireless communication device 150 may be a
User Equipment (UE), a machine type UE or a UE capable of machine to
machine (M2M) communication, a sensor, a tablet, a mobile terminal, a smart
phone, a laptop embedded equipped (LEE), a laptop mounted equipment (LME),
a USB dongle, a Customer Premises Equipment (CPE) etc.

[00038] Fig. 3, in conjunction with Fig. 2, describes a first embodiment of a
method for switching UPFs, performed by a core network node 600 of a wireless
communications network, wherein a WD 150 is connected to the wireless
communications network 100. The communications network 100 further comprises
a first gNB 124, a second gNB 134, a first UPF 122, a second UPF 132, and a
Data Network, DN 135, containing an Application Server, AS 140. The WD is
connected to the first gNB 124, and has a first Packet Data Unit, PDU, session
established between the WD and the DN 135 over the first UPF 122. In some
embodiments, the WD is further connected to the second gNB 134. The method
comprises obtaining 202 information regarding a predicted positional change of
the WD, indicating a new future position at a future point in time, which may also
be expressed as information regarding an updated UE trajectory. The method
further comprises selecting 204 the second UPF 132, based on the predicted new
future position of the UE, such that the second UPF 132 is more suitable than the
first UPF for transmission of data between the AS and the WD for the new future
position. The method further comprises triggering 206 establishment of a second
PDU session over the second UPF 132, and in response to the triggering
establishment of the second PDU session, triggering 212 a first move of packet
flows from the first PDU session to the second PDU session. By using information
regarding a predicted new position of the WD in order to establish a new PDU

session over a new UPF which is more suitable for transmission of data between
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the AS and the WD, it is possible for the application and the WD to be better
prepared, which results in faster and better application level handovers at the time
of WD mobility events.

[00039] The method may be performed by any core network node with the
functionalities required to perform the steps of the method. In some embodiments,
the method is performed by a SMF core network node. In some embodiments, the
SMF receives updates regarding the WD trajectory, i.e. regarding predicted future
positions at specific future points in time, from another core network node, which
may be the NWDAF. This entails that the step of obtaining 202 information
regarding a predicted positional change of the WD, may comprise obtaining
information regarding the predicted positional change from another core network
node, which may be the NWDAF. In some embodiments, in order to obtain
updates regarding the trajectory of a WD, the SMF may use a subscription
function in order to subscribe to any updates in WD trajectory, from the NWDAF.
In some embodiments, the step of the SMF subscribing to updates regarding
predicted positional changes of the WD may be performed before the step of
obtaining 202 information regarding a predicted positional change of the WD

indicating a new future position.

[00040] In some embodiments, the method further comprises receiving 214 a
handover indication, and based on the received handover indication, triggering
216 a second move of packet flows from the first PDU session to the second PDU
session. The handover indication is in some embodiments obtained from the RAN,
i.e. the first gNB 124 or the second gNB 134, and in some embodiments it may be
obtained via the WD 150, however in those embodiments it would also originate
from the RAN.

[00041] In some embodiments, some but not all of the packet flows may be
moved in the first move at step 212, and the remaining flows are moved at the
second step 216. In some embodiments, all of the packet flows may be moved at
the first move. In some embodiments comprising the second move, all packet

flows may be moved at the second move. In some embodiments, low-latency
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flows may be moved during the first move, and the remaining flows are moved

during a second move.

[00042] In some embodiments, the information regarding a predicted positional
change of the WD 150 indicating a new future position comprises information
regarding which geographic position the WD 150 will be located at a specific point
in time. In some embodiments, the information regarding a predicted positional
change of the WD 150 indicating a new future position comprises information
regarding which gNB is most suitable for the WD 150 at a specific point in time. In
some embodiments, the information regarding a predicted positional change of the
WD 150 indicating a new future position comprises information regarding which
UPF is most suitable for the WD 150 at a specific point in time.

[00043] In some embodiments, the step of selecting 204 a second UPF which is
more suitable than the first UPF for transmission of data between the application
server and the WD 150 for the new future position is made only based on the
geographic position of the new future position of the WD 150, such that any given
position of a WD 150 has a certain UPF which is the most suitable one for that
given position. In some embodiments, other conditions may also be taken into
account when determining which UPF is the most suitable, such as current load,
latency, data rate, cheaper transport, and similar metrics. In some embodiments,
the selecting 204 is further based on a name of the DN containing the AS. In some
embodiments, the selecting 204 is further based on information related to user
plane topology and user plane terminations, which may be deduced from identities
provided by the Application Network, AN, such as Cell ID, as well as information
regarding available UPFs and Data Network Access Identifier, DNAI, of the DN.

[00044] In some embodiments, the step of triggering 206 establishment of a
second PDU session over the second UPF 132 comprises instructing the WD 150
to establish the second PDU session over the second UPF 132. In some
embodiments, the triggering 206 establishment of a second PDU session over the
second UPF 132 comprises instructing the AS to establish the second PDU
session over the second UPF 132. In some embodiments, the instruction to
establish the second PDU session over the second UPF 132 may be an instruction
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to establish the second PDU session over a UPF which is geographically closest
to the indicated new position of the WD 150, without specifying that it is the
second UPF 132. In some embodiments, the instruction to establish the second
PDU session over the second UPF 132 may be an instruction to establish the
second PDU session over a UPF which has the shortest packet transmission
delay.

[00045] In some embodiments, triggering 206 establishment of the second PDU
session over the second UPF 132 comprises triggering establishment of the
second PDU session over the second UPF 132 via the second gNB 134. In some
embodiments, this step comprises triggering establishment of the second PDU
session directly via the second gNB 134. In some embodiments, this is preceded
by a step of the WD 150 connecting to the second gNB 134, prior to the

establishment of the second PDU session via the second gNB 134.

[00046] In some embodiments, triggering establishment of the second PDU
session over the second UPF 132 via the second gNB 134 comprises first
triggering establishment of the second PDU session via the first gNB 124, and in
response to the triggering establishment of the second PDU session via the first
gNB 124, facilitating a transfer of the second PDU session from the first gNB 124
to the second gNB 134. In some embodiments, facilitating a move of the second
PDU session comprises instructing the WD 150 or the AS to move the second
PDU session from the first gNB 124 to the second gNB 134. In some
embodiments, facilitating a transfer of the second PDU session comprises
instructing the AS or the WD 150 to move

[00047] In some embodiments, the method further comprises facilitating a
transfer of the first PDU session over the first UPF 122 from the first gNB 124 to
the second gNB 134. In some embodiments, facilitating a transfer of the first PDU
session from the first gNB 124 to the second gNB 134 occurs in embodiments
wherein the WD 150 is not connected to the second gNB 134 prior to the

establishment of the second PDU session.
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[00048] In some embodiments, the triggering establishment of a second PDU
session over the second UPF 132 comprises indicating that the second PDU
session over the second UPF 132 should be via the gNB which provides a
shortest packet transmission latency based on the predicted new position of the
WD 150. In some embodiments, the triggering establishment of a second PDU
session over the second UPF 132 comprises indicating that the second PDU
session over the second UPF 132 should be via the gNB which is geographically
closest to the indicated new position of the WD 150. In some embodiments, the
triggering establishment of a second PDU session over the second UPF 132
comprises indicating that the second PDU session over the second UPF 132
should be via the gNB which is most suitable for the selected UPF, i.e. for the
second UPF 132.

[00049] In some embodiments, the step of triggering 212 a first move of packet
flows from the first PDU session to the second PDU session comprises instructing
the AS or the WD 150 to move packet flows from the first PDU session to the
second PDU session. In some embodiments, triggering a move of packet flows
comprises triggering a move of future packets being sent between the WD 150
and the AS, such that any new packets are sent over the second UPF 132 rather
than over the first UPF 122. In some embodiments, moving the packet flows may
be done using MP-TCP or QUIC.

[00050] In some embodiments, the obtaining 202 information regarding a
predicted positional change of the WD 150 is obtained based on a positional
change of the WD 150. Such a positional change of the WD 150 may be any
change in position that entails a change of a predicted position at a future point in
time. In some embodiments, such a position change comprises a change of
direction of the UE. In some embodiments, the obtaining 202 information regarding
a predicted positional change of the WD 150 is obtained based on a positional
change of the WD 150 related to a predetermined area, such that the WDs 150
trajectory, i.e. predicted positions at future points in time, is updated any time the
WD 150 moves in or out of a predetermined area.
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[00051] In some embodiments, the obtaining 202 information regarding a
predicted positional change of the WD 150 is obtained based on a predicted new
position related to a predetermined area. For example, the core network node may
send an area description to the entity responsible for predicting positions of WDs
at future points in time, which in some embodiments is the NWDAF, and then the
predicted trajectory of a WD 150 is updated any time the WD 150 moves in to or
out from such a predetermined area. In some embodiments, such a predetermined
area is an area associated with a specific UPF. In some embodiments, the core
network node may request to be notified whenever the WD 150 moves towards
another UPF than the UPF which is currently being used for an active PDU
session of the WD 150.

[00052] In some embodiments, the information regarding a predicted positional
change of the WD 150 comprises an ID of the WD 150 and an estimated time of
arrival of the WD 150 at a position indicated in the information regarding a
predicted positional change of the WD 150. By knowing the time for arrival, it is
possible to more accurately plan for the establishment of the second PDU session

and the subsequent move of packet flows.

[00053] In some embodiments, the information regarding a predicted positional
change of the WD 150 is obtained a predetermined time before the positional
change is predicted to take place. In some embodiments, the predetermined time
may be set such that the next subsequent step of the method should be performed
directly or shortly after the information is obtained. In some embodiments, the
predetermined time may be set to a predetermined time before the next
subsequent step of the method should be performed. In some embodiment, the
predetermined time is based on the AS, and will be different for different
application servers. In some embodiments, the predetermined time is based on
the WD 150. In some embodiments, it may be based on the capabilities of the WD
150. In some embodiments, it may be based on historic data of the WDs 150
movements. In some embodiments, it may be based on the WDs 150 current

movement. In some embodiments, the predetermined time may be determined by
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a machine learning agent, comprising using a closed learning loop in order to

optimize the predetermined time for any given application server.

[00054] In some embodiments, the method further comprises notifying 205 the
application server regarding the upcoming change of UPF, prior to the triggering
establishment of a second PDU session over the second UPF 132. In some
embodiments, the notifying is done a predetermined time before the step of
triggering 206 establishment of the second PDU session. In some embodiments,
the notifying is done a predetermined time after obtaining the information
regarding the predicted new position of the WD 150. In some embodiment, the
predetermined time is based on the AS, and will be different for different
application servers. In some embodiments, the predetermined time is based on
the WD 150. In some embodiments, it may be based on the capabilities of the WD
150. In some embodiments, it may be based on historic data of the WDs 150
movements. In some embodiments, it may be based on the WDs 150 current
movement. In some embodiments, the predetermined time may be determined by
a machine learning agent, comprising using a closed learning loop in order to

optimize the predetermined time for any given application server

[00055] In some embodiments, the method further comprises triggering 218 a
release of the first PDU session, which is over the first UPF 122. In some
embodiments, triggering 218 a release of the first PDU session comprises

instructing the WD 150 to release the first PDU session.

[00056] In some embodiments, the connection between the WD 150 and the first
gNB 124 is released after the second PDU session is established in the second
gNB 134.

[00057] Fig. 4 describes a second embodiment of a method for switching UPFs,
performed by a Wireless device, wherein a WD 150 is connected to a wireless
communications network 100. The wireless communications network 100
comprises a core network node, a first gNB 124, a second gNB 134, a first UPF, a
second UPF, and a Data Network, DN 135 containing an Application Server, AS
140. The WD 150 is connected to the first gNB 124, and has a first Packet Data
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Unit, PDU, session established between the WD 150 and the DN 135 over the first
UPF 122. In some embodiments, the WD 150 is further connected to the second
gNB 134. The method comprises receiving 302 an instruction to establish a
second PDU session between the WD 150 and the DN 135, wherein the
instruction is received in response to a predicted positional change of the WD 150
indicating a new future position in which the second UPF 132 is more suitable than
the first UPF 122 for transmission of data between the AS and the WD 150. The
method further comprises establishing 304 the second PDU session over the
second UPF 132 between the WD 150 and the DN 135. In some embodiments,
the WD 150 simply requests to establish a second PDU session, and the core
network ensures that the second PDU session is via the UPF which is most
suitable for the predicted new position of the WD 150, i.e. the second UPF 132.
The method further comprises, in response to the establishing the second PDU
session over the second UPF 132, initiating 310 a move of packet flows from the
first PDU session, which is over the first UPF 122, to the second PDU session,

which is over the second UPF 132.

[00058] In some embodiments, the WD 150 is unaware of that the instruction is
received in response to a predicted positional change of the WD 150, it simply
receives an instruction to establish a second PDU session without information
regarding why it should be established, even though it was a predicted positional

change that prompted it.

[00059] In some embodiments, the method further comprises receiving 312 and
indication of a handover of the WD 150, and, based on the receiving 312 an
indication of a handover, moving 314 packet flows from the first PDU session to
the second PDU session. In some embodiments, the step of moving 314 packet
flows from the first PDU session to the second PDU session is performed after the
indication of handover is received. In some embodiment, the step of moving 314
packet flows from the first PDU session to the second PDU session is performed

after the handover is completed.

[00060] In some embodiments, establishing the second PDU session over the
second UPF 132 comprises establishing the second PDU session over the second
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UPF 132 via the second gNB 134. In some embodiments, establishing the second
PDU session over the second UPF 132 via the second gNB 134 comprises first
establishing the second PDU session over the second UPF 132 via the first gNB
124, and in response to the establishing the second PDU session over the second
UPF 132 via the first gNB 124, transferring the second PDU session from the first
gNB 124 to the second gNB 134. In embodiments wherein the second PDU
session is established directly in the second gNB 134, the WD 150 is connected to
both the first gNB 124 and to the second gNB 134 prior to this step.

[00061] In some embodiments, the connection between the WD 150 and the first
gNB 124 is released after the second PDU session is established in the second
gNB 134.

[00062] In some embodiments, when the WD 150 is not connected to the second
gNB 134 and the first gNB 124 at the same time, the method may further comprise
transferring the first PDU session from the first gNB 124 to the second gNB 134.

[00063] In some embodiments, the instruction to establish a second PDU session
over the second UPF 132 between the WD 150 and the application server is
received a predetermined amount of time before the second PDU session over the
second UPF 132 should be established. In some embodiments, the predetermined
time may be set such that the next subsequent step of the method should be
performed directly or shortly after the information is obtained. In some
embodiments, the predetermined time may be set to a predetermined time before
the next subsequent step of the method should be performed. In some
embodiment, the predetermined time is based on the AS, and will be different for
different application servers. In some embodiments, the predetermined time is
based on the WD 150. In some embodiments, it may be based on the capabilities
of the WD 150. In some embodiments, it may be based on historic data of the
WDs 150 movements. In some embodiments, it may be based on the WDs 150
current movement. In some embodiments, the predetermined time may be
determined by a machine learning agent, comprising using a closed learning loop
in order to optimize the predetermined time for any given application server.
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[00064] In some embodiments, the instruction to establish a second PDU session
over the second UPF 132 between the WD and the application server prompts the
WD to establish the second PDU session immediately upon receipt of the
instruction. In some embodiments, the instruction may be received a

predetermined or a predicted amount of time before handover occurs.

[00065] In some embodiments, the method further comprises releasing 316 the
first PDU session.

[00066] Fig. 5 describes a third embodiment of a method for switching UPFs,
performed by an Application Server, AS, of a wireless communications network
100, wherein a WD 150 is connected to the wireless communications network. The
wireless communications network 100 further comprises a core network node 600,
a first gNB 124, a second gNB 134, a first UPF, a second UPF, and a DN
containing the AS. The WD 150 is connected to the first gNB 124, and has a first
Packet Data Unit, PDU, session established between the WD 150 and the DN 135
over the first UPF 122. The method comprises subscribing 402 to information
regarding predicted positional changes of the WD 150. The method further
comprises receiving an indication that a second PDU session has been
established between the DN 135 and the WD 150 over the second UPF 132,
wherein the second PDU session was established in response to a predicted
positional change of the WD 150 indicating a new future position in which the
second UPF 132 is more suitable than the first UPF 122 for transmission of data
between the AS and the WD 150. The method further comprises, in response to
receiving the indication that the second PDU session has been established,
initiating 406 a first move of packet flows from the first PDU session to the second

PDU session.

[00067] The step of receiving an indication that the second PDU session has
been established may comprise an IP address associated with the second PDU
session. In some embodiments, the indication may comprise an identity of the

UPF over which the second session is established, i.e. the second UPF 132.
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[00068] In some embodiments, the step of subscribing 402 comprises
subscribing to a core network node, which may be another core network node than
the core network node 600. In some embodiments, the core network node which is
subscribed to is the NWDAF. In some embodiments, the step of receiving 404 an
indication comprises receiving an indication from another core network node,
wherein the core network node from which the indication is received may be the
SMF.

[00069] In some embodiments, the method further comprises receiving 408 an
indication of a handover of the WD 150, and based on the received indication,
initiating 410 a second move packet flows from the first PDU session to the
second PDU session.

[00070] In some embodiments, the method further comprises receiving 403 a
notification regarding the upcoming change of UPF, prior to the receiving an
indication that a second PDU session has been established between the DN 135
and the WD 150 over the second UPF 132.

[00071] Fig. 6 describes a fourth embodiment of a method for switching UPFs,
performed by a first base station, preferably a first gNB 124, of a wireless
communications network 100, wherein a WD 150 is connected to the wireless
communications network. The wireless communications network 100 further
comprises a core network node 600, a second gNB 134, a first UPF, a second
UPF, and a DN containing the AS. The WD 150 is connected to the first gNB 124,
and has a first Packet Data Unit, PDU, session established between the WD 150
and the DN 135 over the first UPF 122. The method comprises receiving 502 a
request for establishing a second PDU session over a second UPF, based on a
predicted new position of the WD 150, and obtaining 504 an indication that the
second PDU session should be established via the most suitable gNB for the
second UPF. The method further comprises ensuring 506 that the second PDU
session is established via the second gNB 134, based on the received indication

and the received request.
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[00072] In some embodiments, the request establishing a second PDU session
over the second UPF in a predicted new position of the WD is obtained from a
core network node 600, which may be a SMF node. In some embodiments, the

indication may be obtained via a policy stored in the RAN, e.g. in the first gNB 124.

[00073] In some embodiments, the request may comprise an indication of which
UPF to use for the second PDU session, which may be the second UPF 132. In
some embodiments, the request may comprise an ID of the UPF to be used for the
second PDU session. In some embodiments, the request may comprise an
indication that another UPF than the first UPF 122 should be used, but not which
specific UPF should be used. In such embodiments, the step of obtaining 504 an
indication that the second PDU session should be established via the most
suitable gNB for the second UPF may comprise an indication regarding which gNB
to use, but no indication regarding which UPF should be used. In such
embodiments, the routing of the second PDU session over the second UPF 132
may be handled by other entities in the network, such as the core network node
600, and the first gNB may not be aware of which UPF is used.

[00074] In some embodiments, the request received in step 502 and/or the
indication received in step 504 comprises only one of an indication regarding
which UPF to be used when establishing the second PDU session, and an
indication regarding which gNB to be used when establishing the second PDU
session, but not the other. In other words, when a UPF is indicated, no gNB is
indicated, and when a gNB is indicated, no UPF is indicated.

[00075] In some embodiments, wherein the request for establishing a second
PDU session over a second UPF comprises an ID or indication regarding which
UPF should be used for the second PDU session, the method may further
comprise selecting 505 the second gNB as the most suitable gNB for establishing
the second PDU session, based on that the second PDU session is most suitable
for establishing a PDU session over the second UPF 132. l.e., the first gNB 124
may make a decision regarding which gNB to use for the second PDU session,
based on an indication regarding which UPF should be used. The criteria used for
selecting which gNB is most suitable may include e.g. which gNB provides the
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shortest packet transmission delay over the second UPF 132, which gNB is
closest to the second UPF 132, which gNB is closest to the predicted new position
of the WD, which gNB provides the best signal quality, and similar metrics.

[00076] In some embodiments, the indication that the second PDU session
should be established via the most suitable gNB for the second UPF comprises an
indication regarding which gNB to use for establishing the second PDU session. IN
some embodiments, the indication indicates that the second PDU session should
be via the gNB which is closest to the predicted new position of the WD. In some
embodiments, the indication may be an indication regarding which specific gNB is
more suitable for establishing the second PDU session, such as the second gNB
126. In some embodiments, the indication may include an ID of the most suitable
gNB, which may be the second gNB 126. In some embodiments, the indication
may be an indication that the gNB which provides the shortest packet transmission
delay for data transmission between the DN 135 and the WD should be used. In
some embodiments, a UPF may be associated with a gNB which is the most
suitable gNB for establishing a PDU session over that UPF.

[00077] In some embodiments, the method further comprises receiving an
instruction for the WD to establish a second PDU session, and forwarding the
instruction to the WD. After the WD receives the instruction to establish the second
PDU session over the second UPF, the WD sends a request for establishing the
second PDU session via the second UPF to the first gNB 124, which is the request
received in step 504. The first gNB 124 then ensures that the second PDU session
is established via the most suitable gNB, i.e. the second gNB.

[00078] In some embodiments, ensuring that the second PDU session is
established via the second gNB may comprise either directly establishing
resources for the second PDU session over the second UPF via the second gNB,
or by establishing resources for the second PDU session in the first gNB 124, and
then initiating a move of the second PDU session from via the first gNB 124 to via
the second gNB 126. In some embodiments, the step of initiating a move may
comprise the first gNB 124 moving the second PDU session, or it may comprise
instructing another network node or the WD to move the second PDU session.
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[00079] In the following, different embodiments are described. The signaling
diagram of Fig. 7 describes details of the first, second, third and fourth
embodiments. Observe that the names of the signal sent between the involved
nodes are only examples of signal names, other names with similar purposes may
also apply. The involved nodes are a WD 502, a source gNB 504, which
corresponds to the first gNB 124 of the first embodiment, a target gNB 506, which
corresponds to the second gNB 134 of the first embodiment, an AMF 508, a SMF
510, a source UPF 512, which corresponds to the first UPF 122 of the first
embodiment, a target UPF 514, which corresponds to the second UPF of the first
embodiment, a UDM 516, a NWDAF 518, a AF/NEF 520, and an application
server, which corresponds to the application server of the first embodiment,
wherein the application server is divided into an AS edge source 522, which is the
instance of the AS associated with the source UPF 512, an AS edge target 524,
which is the instance of the AS associated with the target UPF 514, and an AS
origin 526, which is the instance of the AS associated with the core network.

[00080] Prior to the first step of obtaining 202 information regarding a predicted
positional change of the WD indicating a new future position, a PDU session is
established between the WD and the AS, which is technically a PDU session
between the WD and a DN containing the AS. These steps are also part of the
signaling diagram of Fig. 5. The method steps of the first embodiment start on step

9 of the signaling diagram, but the previous steps will also be shortly explained.

[00081] In step 1 the WD registers to the network, which may be done e.g. as
defined in TS 23.502 section 4.2.2. In step 2, the NWDAF starts to predict the
trajectory, i.e. predicted future positions at specific future points in time, of the WD.
In step 3, the WD establishes a first PDU session as defined in TS 23.502 section
4.3.2 with the DN containing the AS, specifically the AS edge source. In step 4, the
SMF subscribes to the NWDAF for updates on the WD trajectory. Such a
subscription may comprise an ID of the WD, an area in the form of a list of cell IDs,
a flag indicating if the notification shall be sent when moving in to or when moving
out from the given area, and a heads-up time, which is a predetermined time
before the notification should be sent. In step 5, the WD has an established PDU
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session which enables data transmission between the WD and the AS, which
entails that the WD can communicate with its application peer. In steps 7-8, the AS
subscribes to the SMF for UPF reselection events, wherein the UPF reselection
events are based on updates of the WD trajectory obtained from the NWDAF. This
corresponds to step 402 of the third embodiment. In some embodiments, the AF
may subscribe directly to the SMF without using the NEF. In step 9, the NWDAF
detects a change in WD trajectory, i.e. an update regarding a predicted positional
change of the WD which indicates a new future position, and informs the SMF.
The corresponds to step 202 of the first embodiment. Using this information, the
SMF can decide that another UPF is more preferred than the current UPF used for
the ongoing PDU session, for enabling transmission of data between the WD and
the DN containing the AS. In step 10, the SMF makes a decision regarding a
reselection of UPF based on the updated WD trajectory, including which should be
the target UPF. This corresponds to step 204 of the first embodiment. In step 12,
the SMF may notify the AS regarding the upcoming change, corresponding to step
205 of the first embodiment and step 403 of the third embodiment. In step 14, the
SMF notifies the WD, and also instructs the WD to establish a second PDU
session over the target UPF via the source gNB, which corresponds to step 206 of
the first embodiment, and step 302 of the second embodiment. In step 15, the
second PDU session is established by the WD over the target UPF, via the source
gNB. This corresponds to step 304 of the second embodiment and step 404 of the
third embodiment. In step 16, the WD now has a second PDU session established
with the DN containing the AS via the target UPF. In steps 17-18, the SMF may
again notify the AS regarding upcoming UPF reselection. In some embodiments,
this notification may comprise a DNAI of the target UPF, and a target UPF session
WD IP address. In step 20, the AS or the WD moves flows from the first PDU
session to the second PDU session, which may be based on an instruction from
the SMF to do so. This corresponds to step 212 of the first embodiment, step 310
of the second embodiment and step 406 of the third embodiment. In step 21, the
WD is handed over from the source gNB to the target gNB. This may be preceded
by a step of notifying the SMF regarding the handover, which corresponds to step
214 of the first embodiment, step 312 of the second embodiment and step 408 of
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the third embodiment. In step 22, the target gNB sends a path switch request to
the AMF, which in turn sends a PDU session request to the SMF in step 23. In
step 25, another notification may be sent to the AS regarding the handover. Such
a notification may comprise a DNAI of the target UPF, and a session WD IP of the
target UPF. In step 27, the SMF sends a session modification request to the
source UPF, and initiates a transfer of the first PDU session from the source gNB
to the target gNB. This corresponds to step 210 of the first embodiment and 308 of
the second embodiment. In step 29, the SMF sends a session modification
request to the target UPF, and initiates a transfer of the second PDU session from
the source gNB to the target gNB. This corresponds to step 208 of the first
embodiment and step 306 of the second embodiment. In step 31, the AS or the
WD moves remaining flows from the first PDU session to the second PDU
session. This corresponds to step 216 of the first embodiment, step 314 of the
second embodiment and step 410 of the third embodiment. In step 32, the WD
releases the first PDU session, which may be prompted by an instruction to do so
by the SMF. This corresponds to step 218 of the first embodiment, and step 316 of

the second embodiment.

[00082] Fig. 8 shows another signaling diagram, showing optional embodiments
of the first, second and third embodiments. Steps 1-15 are the same as in Fig. 7,
and the differing steps will now be elaborated upon. In the embodiment of Fig. 8,
the WD is further connected to the target gNB as well. In step 16, the second PDU
session is established via the second gNB, rather than via the first gNB as in Fig.
7, which also corresponds to an alternate version of step 206 of the first
embodiment. In some embodiments, step 16 comprises triggering establishing
resources for the second PDU session directly in the target gNB, wherein the
establishing of the second PDU session is done by the WD. In some
embodiments, step 16 comprises triggering establishing resource for the second
PDU session in the source gNB, and subsequently moving the second PDU
session from the source gNB to the target gNB. In such an embodiment, step 15
would further entail an instruction from the core network node to the first and/or
second gNB that the second PDU session should be moved or established in the
gNB which is most suitable for data transmission between the WD and the AS, for
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the new future position of the WD. In some embodiments, the information
regarding that the second PDU session should be moved or established in the
gNB which is most suitable for data transmission between the WD and the AS may
be sent to the first and/or second gNB via another channel, such as via the O&M
interface. The remaining steps of Fig. 8 are performed in the same manner as the
corresponding steps of Fig. 7, with the exception that the first PDU session is not
transferred from the source gNB to the target gNB.

[00083] Fig. 9, in conjunction with Fig. 2, shows a core network node 600,
operable in a wireless communications network. In some embodiments, the core
network node 600 may be a SMF core network node. The wireless
communications network 100 comprises a first gNB 124 and a second gNB 134,
wherein a wireless device, WD 150, is connected to the first gNB 124, and wherein
there is a first Packet Data Unit, PDU, session established between the WD 150
and a Data Network, DN 140, over a first User Plane Function, UPF 122, the DN
135 comprising an application server, AS 140. The core network node 600
comprises processing circuitry 603 and a memory 604. The processing circuitry
603 may comprise one or more programmable processor, application-specific
integrated circuits, field programmable gate arrays or combinations of these (not
shown) adapted to execute instructions. The memory contains instructions
executable by said processing circuitry, whereby the core network node 600 is
operative for obtaining information regarding a predicted positional change of the
WD 150 indicating a new future position of the WD, and selecting a second UPF
which is more suitable than the first UPF 122 for transmission of data between the
application server and the WD 150 for the new future position. The core network
node 600 is further operative for triggering establishment of the second PDU
session over the second UPF and in response to the triggering establishment of
the second PDU session over the second UPF, triggering a first move of packet
flows from the first PDU session to the second PDU session.

[00084] The core network node 600 of the wireless communications network that
performs the method may be a group of network nodes, wherein functionality for
performing the method are spread out over different physical, or virtual, nodes of
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the network. In other words, the core network node 600 may be a cloud-solution,
i.e. the core network node 600 may be deployed as cloud computing resources
that may be distributed in the network.

[00085] According to an embodiment, the core network node 600 is further
operative for receiving a handover indication, and based on the receiving a
handover indication, triggering a second move of packet flows from the first PDU
session to the second PDU session.

[00086] According to an embodiment, the triggering establishment of the second
PDU session over the second UPF comprises instructing the WD 150 to trigger
establishment of the second PDU session over the second UPF.

[00087] According to an embodiment the triggering establishment of the second
PDU session over the second UPF comprises triggering establishment of the

second PDU session over the second UPF via the second gNB 134.

[00088] According to an embodiment the triggering establishment of the second
PDU session over the second UPF via the second gNB 134 comprises triggering
establishment of the second PDU session over the second UPF via the first gNB
124, and the core network node 600 is further operative for, in response to the
establishment of the second PDU session over the second UPF via the first gNB
124, facilitating (208) a transfer of the second PDU session over the second UPF
from the first gNB 124 to the second gNB 134.

[00089] According to an embodiment wherein the first PDU session over the first
UPF 122 is via the first gNB, the core network node 600 is further operative for
facilitating (210) a transfer of the first PDU session over the first UPF 122 from the
first gNB to the second gNB.

[00090] According to an embodiment the triggering establishment of a second
PDU session over the second UPF comprises indicating that the second PDU
session over the second UPF should be via the gNB which provides a shortest
packet transmission latency based on the predicted new position of the WD 150.
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[00091] According to an embodiment the triggering a move of packet flow from
the first PDU session over the first UPF 122 to the second PDU session over the
second UPF comprises instructing the AS or the WD 150 to trigger the move of

packet flow from the first PDU session to the second PDU session.

[00092] According to an embodiment the obtaining information regarding a
predicted positional change of the WD 150 is based on a positional change of the
WD 150 related to a predetermined area.

[00093] According to an embodiment the information regarding a predicted
positional change of the WD 150 comprises an ID of the WD 150 and an estimated
time of arrival of the WD 150 at a position indicated in the information regarding a
predicted positional change of the WD 150.

[00094] According to an embodiment the information regarding a predicted
positional change of the WD 150 is obtained a predetermined time before the
positional change is predicted to take place.

[00095] According to an embodiment the core network node 600 is further
operative for notifying the AS regarding the upcoming change of UPF, prior to the

triggering establishment of a second PDU session over the second UPF.

[00096] According to an embodiment the core network node 600 is further

operative for triggering a release of the first PDU session over the first UPF 122.

[00097] According to other embodiments, the core network node 600 may further
comprise a communication unit 602, which may be considered to comprise
conventional means for communicating with a WD and with a wireless
communications network. The instructions executable by said processing circuitry
603 may be arranged as a computer program 605 stored e.g. in the memory 604.
The processing circuitry 603 and the memory 604 may be arranged in a sub-
arrangement 601. The sub-arrangement 601 may be a micro-processor and
adequate software and storage therefore, a Programmable Logic Device, PLD, or
other electronic component(s)/processing circuit(s) configured to perform the

methods mentioned above.
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[00098] The computer program 605 may comprise computer readable code
means, which when run in a core network node 600 causes the core network node
600 to perform the steps described in any of the described embodiments of the
core network node 600. The computer program 605 may be carried by a computer
program product connectable to the processing circuitry 603. The computer
program product may be the memory 604. The memory 604 may be realized as
for example a RAM (Random-access memory), ROM (Read-Only Memory) or an
EEPROM (Electrical Erasable Programmable ROM). Further, the computer
program may be carried by a separate computer-readable medium, such as a CD,
DVD or flash memory, from which the program could be downloaded into the
memory 604. Alternatively, the computer program may be stored on a server or
any other entity connected to the core network node 600 or to which the core
network node 600 has access via the communication unit 602. The computer
program may then be downloaded from the server into the memory 604.

[00099] Fig. 10, in conjunction with Fig. 2, shows a wireless device, WD 150,
operable for wireless communication with a wireless communications network. The
wireless communications network 100 comprises a core network node 600, a first
gNB 124 and a second gNB 134, wherein the WD 150 is operative for being
connected to the first gNB 124, and wherein the WD is operative for having a first
Packet Data Unit, PDU, session established between the WD 150 and a Data
Network, DN 140, over a first User Plane Function, UPF 122, wherein the DN 135
comprises an application server, AS 140. The WD 150 comprises processing
circuitry 703 and a memory 704. The processing circuitry 703 may comprise one
or more programmable processor, application-specific integrated circuits, field
programmable gate arrays or combinations of these (not shown) adapted to
execute instructions. The memory contains instructions executable by said
processing circuitry, whereby the WD 150 is operative for receiving an instruction
to establish a second PDU session between the WD 150 and the DN over a
second UPF, wherein the instruction is received in response to a predicted
positional change of the WD 150 indicating a new future position in which the
second UPF is more suitable than the first UPF 122 for transmission of data
between the AS and the WD 150. The WD 150 is further operative for, in response
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to the receiving, establishing the second PDU session over the second UPF
between the WD 150 and the DN 135, and in response to the establishing the
second PDU session over the second UPF between the WD 150 and the DN 135,
initiating a first move of packet flows from the first PDU session over the first UPF
122 to the second PDU session over the second UPF.

[000100] According to an embodiment, the WD is further operative for receiving
indication of a handover of the WD 150, and based on the receiving indication of a
handover, initiating a second move of packet flows from the first PDU session to

the second PDU session.

[000101] According to an embodiment, the establishing the second PDU session
over the second UPF comprises establishing the second PDU session over the
second UPF via the second gNB 134.

[000102] According to an embodiment, the establishing the second PDU session
over the second UPF via the second gNB 134 comprises establishing the second
PDU session over the second UPF via the first gNB 124, and wherein the WD 150
is further operative for, in response to the establishing the second PDU session
over the second UPF via the first gNB 124, transferring the second PDU session
from the first gNB 124 to the second gNB 134.

[000103] According to an embodiment, the WD is further operative for, in response
to the establishing the second PDU session over the second UPF via the first gNB
124, transferring the first PDU session from the first gNB 124 to the second gNB
134.

[000104] According to an embodiment, the instruction to establish a second PDU
session over the second UPF between the WD 150 and the application server is
received a predetermined amount of time before the second PDU session over the
second UPF should be established.

[000105] According to an embodiment, the WD is further operative for releasing
the first PDU session.
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[000106] According to other embodiments, the WD 150 may further comprise a
communication unit 702, which may be considered to comprise conventional
means for communicating with a WD and with a wireless communications network.
The instructions executable by said processing circuitry 703 may be arranged as a
computer program 705 stored e.g. in the memory 704. The processing circuitry
703 and the memory 704 may be arranged in a sub-arrangement 701. The sub-
arrangement 701 may be a micro-processor and adequate software and storage
therefore, a Programmable Logic Device, PLD, or other electronic
component(s)/processing circuit(s) configured to perform the methods mentioned
above.

[000107] The computer program 705 may comprise computer readable code
means, which when run in a WD 150 causes the WD 150 to perform the steps
described in any of the described embodiments of the WD 150. The computer
program 705 may be carried by a computer program product connectable to the
processing circuitry 703. The computer program product may be the memory 704.
The memory 704 may be realized as for example a RAM (Random-access
memory), ROM (Read-Only Memory) or an EEPROM (Electrical Erasable
Programmable ROM). Further, the computer program may be carried by a
separate computer-readable medium, such as a CD, DVD or flash memory, from
which the program could be downloaded into the memory 704. Alternatively, the
computer program may be stored on a server or any other entity connected to the
core network node 700 or to which the core network node 700 has access via the
communication unit 702. The computer program may then be downloaded from
the server into the memory 704.

[000108] Fig. 11, in conjunction with Fig. 2, shows an application server, AS 140,
operable in a wireless communications network. The wireless communications
network 100 comprises a core network node 800, a first gNB 124 and a second
gNB 134, wherein a WD 150 is connected to the first gNB 124, and wherein the
WD has a first Packet Data Unit, PDU, session established between the WD 150
and a Data Network, DN 140, over a first User Plane Function, UPF 122, wherein
the DN 135 contains the AS 140. The AS 140 comprises processing circuitry 803
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and a memory 804. The processing circuitry 803 may comprise one or more
programmable processor, application-specific integrated circuits, field
programmable gate arrays or combinations of these (not shown) adapted to
execute instructions. The memory contains instructions executable by said
processing circuitry, whereby the AS 140 is operative for subscribing to
information regarding predicted positional changes of the WD 150 and receiving
an indication that a second PDU session has been established between the DN
135 and the WD 150 over the second UPF, wherein the second PDU session is
received in response to a predicted positional change of the WD 150 indicating a
new future position in which the second UPF is more suitable than the first UPF
122 for transmission of data between the AS and the WD 150. The AS 140 is
further operative for, in response to the receiving an indication that a second PDU
session has been established between the DN 135 and the WD 150 over the
second UPF, initiating a first move of packet flows from the first PDU session over
the first UPF 122 to the second PDU session over the second UPF.

[000109] According to an embodiment, the AS 140 is further operative for
receiving indication of a handover of the WD 150, and based on receiving the
indication of handover, initiating a second move of packet flows from the first PDU
session to the second PDU session.

[000110] According to an embodiment, the AS 140 is further operative for
receiving a notification regarding the upcoming change of UPF, prior to receiving
the second PDU session over the second UPF.

[000111] According to other embodiments, the AS 140 may further comprise a
communication unit 802, which may be considered to comprise conventional
means for communicating with a WD and with a wireless communications network.
The instructions executable by said processing circuitry 803 may be arranged as a
computer program 805 stored e.g. in the memory 804. The processing circuitry
803 and the memory 804 may be arranged in a sub-arrangement 801. The sub-
arrangement 801 may be a micro-processor and adequate software and storage
therefore, a Programmable Logic Device, PLD, or other electronic
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component(s)/processing circuit(s) configured to perform the methods mentioned
above.

[000112] The computer program 805 may comprise computer readable code
means, which when run in an AS 140 causes the AS 140 to perform the steps
described in any of the described embodiments of the AS 140. The computer
program 805 may be carried by a computer program product connectable to the
processing circuitry 803. The computer program product may be the memory 804.
The memory 804 may be realized as for example a RAM (Random-access
memory), ROM (Read-Only Memory) or an EEPROM (Electrical Erasable
Programmable ROM). Further, the computer program may be carried by a
separate computer-readable medium, such as a CD, DVD or flash memory, from
which the program could be downloaded into the memory 804. Alternatively, the
computer program may be stored on a server or any other entity connected to the
AS 140 or to which the AS 140 has access via the communication unit 802. The
computer program may then be downloaded from the server into the memory 804.

[000113] Fig. 12, in conjunction with Fig. 2, shows a base station, preferably a first
gNB 124, operable in a wireless communications network. The wireless
communications network 100 further comprises a core network node 600, and a
second gNB 134, wherein a WD 150 is operative for being connected to the first
gNB 124, and wherein the WD is operative for having a first Packet Data Unit,
PDU, session established between the WD 150 and a Data Network, DN 140, over
a first User Plane Function, UPF 122, wherein the DN 135 comprises an
application server, AS 140. The WD 150 comprises processing circuitry 903 and a
memory 904. The processing circuitry 903 may comprise one or more
programmable processor, application-specific integrated circuits, field
programmable gate arrays or combinations of these (not shown) adapted to
execute instructions. The memory contains instructions executable by said
processing circuitry, whereby the gNB 124 is operative for receiving an indication
that the second gNB 134 is more suitable than the first gNB 124 for establishing a
second PDU session over the second UPF in a predicted new position of the WD
150, receiving a request for establishing a second PDU session over the second
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UPF based on the predicted new position of the WD 150, and based on the
received indication and the received request, ensuring that the second PDU

session is established via the second gNB 134.

[000114] According to other embodiments, the first gNB 124 may further comprise
a communication unit 902, which may be considered to comprise conventional
means for communicating with a WD and with a wireless communications network.
The instructions executable by said processing circuitry 903 may be arranged as a
computer program 905 stored e.g. in the memory 904. The processing circuitry
903 and the memory 904 may be arranged in a sub-arrangement 901. The sub-
arrangement 901 may be a micro-processor and adequate software and storage
therefore, a Programmable Logic Device, PLD, or other electronic
component(s)/processing circuit(s) configured to perform the methods mentioned

above.

[000115] The computer program 905 may comprise computer readable code
means, which when run in a first gNB 124 causes the first gNB 124 to perform the
steps described in any of the described embodiments of the first gNB 124. The
computer program 905 may be carried by a computer program product
connectable to the processing circuitry 903. The computer program product may
be the memory 904. The memory 904 may be realized as for example a RAM
(Random-access memory), ROM (Read-Only Memory) or an EEPROM (Electrical
Erasable Programmable ROM). Further, the computer program may be carried by
a separate computer-readable medium, such as a CD, DVD or flash memory, from
which the program could be downloaded into the memory 904. Alternatively, the
computer program may be stored on a server or any other entity connected to the
core network node 900 or to which the first gNB 124 has access via the
communication unit 902. The computer program may then be downloaded from
the server into the memory 904.

[000116] With reference to Fig.13, in accordance with an embodiment, a
communication system includes a telecommunication network 3210, such as a
3GPP-type cellular network, which comprises an access network 3211, such as a
radio access network, and a core network 3214. The access network 3211
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comprises a plurality of base stations 3212a, 3212b, 3212c, such as NBs, eNBs,
gNBs or other types of wireless access points, each defining a corresponding
coverage area 3213a, 3213b, 3213c. Each base station 3212a, 3212b, 3212c is
connectable to the core network 3214 over a wired or wireless connection 3215. A
first user equipment (UE) 3291 located in coverage area 3213c is configured to
wirelessly connect to, or be paged by, the corresponding base station 3212c. A
second UE 3292 in coverage area 3213a is wirelessly connectable to the
corresponding base station 3212a. While a plurality of UEs 3291, 3292 are
illustrated in this example, the disclosed embodiments are equally applicable to a
situation where a sole UE is in the coverage area or where a sole UE is
connecting to the corresponding base station 3212.

[000117] The telecommunication network 3210 is itself connected to a host
computer 3230, which may be embodied in the hardware and/or software of a
standalone server, a cloud-implemented server, a distributed server or as
processing resources in a server farm. The host computer 3230 may be under the
ownership or control of a service provider, or may be operated by the service
provider or on behalf of the service provider. The connections 3221, 3222 between
the telecommunication network 3210 and the host computer 3230 may extend
directly from the core network 3214 to the host computer 3230 or may go via an
optional intermediate network 3220. The intermediate network 3220 may be one
of, or a combination of more than one of, a public, private or hosted network; the
intermediate network 3220, if any, may be a backbone network or the Internet; in
particular, the intermediate network 3220 may comprise two or more sub-networks
(not shown).

[000118] The communication system of Fig. 13 as a whole enables connectivity
between one of the connected UEs 3291, 3292 and the host computer 3230. The
connectivity may be described as an over-the-top (OTT) connection 3250. The
host computer 3230 and the connected UEs 3291, 3292 are configured to
communicate data and/or signaling via the OTT connection 3250, using the
access network 3211, the core network 3214, any intermediate network 3220 and
possible further infrastructure (not shown) as intermediaries. The OTT connection
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3250 may be transparent in the sense that the participating communication
devices through which the OTT connection 3250 passes are unaware of routing of
uplink and downlink communications. For example, a base station 3212 may not
or need not be informed about the past routing of an incoming downlink
communication with data originating from a host computer 3230 to be forwarded
(e.g., handed over) to a connected UE 3291. Similarly, the base station 3212 need
not be aware of the future routing of an outgoing uplink communication originating
from the UE 3291 towards the host computer 3230.

[000119] Example implementations, in accordance with an embodiment, of the UE,
base station and host computer discussed in the preceding paragraphs will now be
described with reference to FIGURE 33. In a communication system 3300, a host
computer 3310 comprises hardware 3315 including a communication interface
3316 configured to set up and maintain a wired or wireless connection with an
interface of a different communication device of the communication system 3300.
The host computer 3310 further comprises processing circuitry 3318, which may
have storage and/or processing capabilities. In particular, the processing circuitry
3318 may comprise one or more programmable processors, application-specific
integrated circuits, field programmable gate arrays or combinations of these (not
shown) adapted to execute instructions. The host computer 3310 further
comprises software 3311, which is stored in or accessible by the host computer
3310 and executable by the processing circuitry 3318. The software 3311 includes
a host application 3312. The host application 3312 may be operable to provide a
service to a remote user, such as a UE 3330 connecting via an OTT connection
3350 terminating at the UE 3330 and the host computer 3310. In providing the
service to the remote user, the host application 3312 may provide user data which
is transmitted using the OTT connection 3350.

[000120] The communication system 3300 further includes a base station 3320
provided in a telecommunication system and comprising hardware 3325 enabling
it to communicate with the host computer 3310 and with the UE 3330. The
hardware 3325 may include a communication interface 3326 for setting up and

maintaining a wired or wireless connection with an interface of a different
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communication device of the communication system 3300, as well as a radio
interface 3327 for setting up and maintaining at least a wireless connection 3370
with a UE 3330 located in a coverage area (not shown in Figure 33) served by the
base station 3320. The communication interface 3326 may be configured to
facilitate a connection 3360 to the host computer 3310. The connection 3360 may
be direct or it may pass through a core network (not shown in Figure 33) of the
telecommunication system and/or through one or more intermediate networks
outside the telecommunication system. In the embodiment shown, the hardware
3325 of the base station 3320 further includes processing circuitry 3328, which
may comprise one or more programmable processors, application-specific
integrated circuits, field programmable gate arrays or combinations of these (not
shown) adapted to execute instructions. The base station 3320 further has

software 3321 stored internally or accessible via an external connection.

[000121] The communication system 3300 further includes the UE 3330 already
referred to. Its hardware 3335 may include a radio interface 3337 configured to set
up and maintain a wireless connection 3370 with a base station serving a
coverage area in which the UE 3330 is currently located. The hardware 3335 of
the UE 3330 further includes processing circuitry 3338, which may comprise one
or more programmable processors, application-specific integrated circuits, field
programmable gate arrays or combinations of these (not shown) adapted to
execute instructions. The UE 3330 further comprises software 3331, which is
stored in or accessible by the UE 3330 and executable by the processing circuitry
3338. The software 3331 includes a client application 3332. The client application
3332 may be operable to provide a service to a human or non-human user via the
UE 3330, with the support of the host computer 3310. In the host computer 3310,
an executing host application 3312 may communicate with the executing client
application 3332 via the OTT connection 3350 terminating at the UE 3330 and the
host computer 3310. In providing the service to the user, the client application
3332 may receive request data from the host application 3312 and provide user
data in response to the request data. The OTT connection 3350 may transfer both
the request data and the user data. The client application 3332 may interact with
the user to generate the user data that it provides.
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[000122] It is noted that the host computer 3310, base station 3320 and UE 3330
illustrated in Figure 33 may be identical to the host computer 3230, one of the
base stations 3212a, 3212b, 3212c and one of the UEs 3291, 3292 of Figure 32,
respectively. This is to say, the inner workings of these entities may be as shown
in Figure 33 and independently, the surrounding network topology may be that of
Figure 32.

[000123] In Figure 14, the OTT connection 3350 has been drawn abstractly to
illustrate the communication between the host computer 3310 and the use
equipment 3330 via the base station 3320, without explicit reference to any
intermediary devices and the precise routing of messages via these devices.
Network infrastructure may determine the routing, which it may be configured to
hide from the UE 3330 or from the service provider operating the host computer
3310, or both. While the OTT connection 3350 is active, the network infrastructure
may further take decisions by which it dynamically changes the routing (e.g., on
the basis of load balancing consideration or reconfiguration of the network).

[000124] The wireless connection 3370 between the UE 3330 and the base station
3320 is in accordance with the teachings of the embodiments described
throughout this disclosure. One or more of the various embodiments improve the
performance of OTT services provided to the UE 3330 using the OTT connection
3350, in which the wireless connection 3370 forms the last segment. More
precisely, the teachings of these embodiments may improve the data rate and
latency, and thereby provide effects such as reduced user waiting time and better

responsiveness.

[000125] A measurement procedure may be provided for the purpose of
monitoring data rate, latency and other factors on which the one or more
embodiments improve. There may further be an optional network functionality for
reconfiguring the OTT connection 3350 between the host computer 3310 and UE
3330, in response to variations in the measurement results. The measurement
procedure and/or the network functionality for reconfiguring the OTT connection
3350 may be implemented in the software 3311 of the host computer 3310 or in
the software 3331 of the UE 3330, or both. In embodiments, sensors (not shown)
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may be deployed in or in association with communication devices through which
the OTT connection 3350 passes; the sensors may participate in the
measurement procedure by supplying values of the monitored quantities
exemplified above, or supplying values of other physical quantities from which
software 3311, 3331 may compute or estimate the monitored quantities. The
reconfiguring of the OTT connection 3350 may include message format,
retransmission settings, preferred routing etc.; the reconfiguring need not affect
the base station 3320, and it may be unknown or imperceptible to the base station
3320. Such procedures and functionalities may be known and practiced in the art.
In certain embodiments, measurements may involve proprietary UE signaling
facilitating the host computer’s 3310 measurements of throughput, propagation
times, latency and the like. The measurements may be implemented in that the
software 3311, 3331 causes messages to be transmitted, in particular empty or
‘dummy’ messages, using the OTT connection 3350 while it monitors propagation

times, errors etc.

[000126] Fig. 15 is a flowchart illustrating a method implemented in a
communication system, in accordance with one embodiment. The communication
system includes a host computer, a base station and a UE which may be those
described with reference to Figures 32 and 33. For simplicity of the present
disclosure, only drawing references to Fig. 15 will be included in this section. In a
first step 3410 of the method, the host computer provides user data. In an optional
substep 3411 of the first step 3410, the host computer provides the user data by
executing a host application. In a second step 3420, the host computer initiates a
transmission carrying the user data to the UE. In an optional third step 3430, the
base station transmits to the UE the user data which was carried in the
transmission that the host computer initiated, in accordance with the teachings of
the embodiments described throughout this disclosure. In an optional fourth step
3440, the UE executes a client application associated with the host application

executed by the host computer.

[000127] Fig. 16 is a flowchart illustrating a method implemented in a

communication system, in accordance with one embodiment. The communication
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system includes a host computer, a base station and a UE which may be those
described with reference to Figures 32 and 33. For simplicity of the present
disclosure, only drawing references to Figure 35 will be included in this section. In
a first step 3510 of the method, the host computer provides user data. In an
optional substep (not shown) the host computer provides the user data by
executing a host application. In a second step 3520, the host computer initiates a
transmission carrying the user data to the UE. The transmission may pass via the
base station, in accordance with the teachings of the embodiments described
throughout this disclosure. In an optional third step 3530, the UE receives the user

data carried in the transmission.

[000128] Fig. 17 is a flowchart illustrating a method implemented in a
communication system, in accordance with one embodiment. The communication
system includes a host computer, a base station and a UE which may be those
described with reference to Figures 32 and 33. For simplicity of the present
disclosure, only drawing references to Figure 36 will be included in this section. In
an optional first step 3610 of the method, the UE receives input data provided by
the host computer. Additionally or alternatively, in an optional second step 3620,
the UE provides user data. In an optional substep 3621 of the second step 3620,
the UE provides the user data by executing a client application. In a further
optional substep 3611 of the first step 3610, the UE executes a client application
which provides the user data in reaction to the received input data provided by the
host computer. In providing the user data, the executed client application may
further consider user input received from the user. Regardless of the specific
manner in which the user data was provided, the UE initiates, in an optional third
substep 3630, transmission of the user data to the host computer. In a fourth step
3640 of the method, the host computer receives the user data transmitted from the
UE, in accordance with the teachings of the embodiments described throughout
this disclosure.

[000129] Fig. 18 is a flowchart illustrating a method implemented in a
communication system, in accordance with one embodiment. The communication

system includes a host computer, a base station and a UE which may be those
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described with reference to Figures 32 and 33. For simplicity of the present
disclosure, only drawing references to Figure 37 will be included in this section. In
an optional first step 3710 of the method, in accordance with the teachings of the
embodiments described throughout this disclosure, the base station receives user
data from the UE. In an optional second step 3720, the base station initiates
transmission of the received user data to the host computer. In a third step 3730,
the host computer receives the user data carried in the transmission initiated by
the base station.

[000130] More possible embodiments will now be described. Embodiments DS5-
DS36 represent a downstream aspect of the radio-related invention, and
embodiments US45-US77 represent an upstream aspect of the radio-related
invention. In addition to the embodiments described below, optional embodiments
similar to the embodiments for core network node of Fig. 9, the WD of Fig. 10, the
AS of Fig. 11 and the gNB of Fig. 12, may also be applicable to the below
described embodiments. The base station referenced above in reference to Figs.
9-14 and in the embodiments below may be the first gNB 124 of the fourth
embodiment. The numbered embodiments below may be implemented in wireless
communications networks similar to the ones described in relation to aspects of
the invention. For example, the wireless communications network may comprise a
first gNB, a second gNB, a first UPF, a second UPF, a DN containing an AS,
wherein a WD is connected to the first gNB and possibly to the second gNB. The
term user equipment, UE, is used interchangeably with WD below and in Figs. 13-
18.

Numbered embodiments

5. A communication system including a host computer comprising:
processing circuitry configured to provide user data; and

a communication interface configured to forward the user data to a cellular

network for transmission to a user equipment (UE),
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wherein the cellular network comprises a base station having a radio interface and

processing circuitry, the base station’s processing circuitry configured for:

receiving a request for establishing a second PDU session over a second UPF,

based on a predicted new position of the WD;

obtaining an indication that the second PDU session should be established via the
most suitable gNB for the second UPF; and

based on the received indication and the received request, ensuring that the
second PDU session is established via the second gNB.

6. The communication system of embodiment 5, further including the base station.

7. The communication system of embodiment 6, further including the UE, wherein
the UE is configured to communicate with the base station.

8. The communication system of embodiment 7, wherein:

the processing circuitry of the host computer is configured to execute a host
application, thereby providing the user data; and

the UE comprises processing circuitry configured to execute a client application
associated with the host application.

15.A method implemented in a communication system including a host computer,

a base station and a user equipment (UE), the method comprising
at the host computer, providing user data; and

at the host computer, initiating a transmission carrying the user data to the UE via

a cellular network comprising the base station, wherein the base station

receives a request for establishing a second PDU session over a second UPF,
based on a predicted new position of the WD;

obtains an indication that the second PDU session should be established via the
most suitable gNB for the second UPF; and
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based on the received indication and the received request, ensures that the
second PDU session is established via the second gNB.

16.The method of embodiment 15, further comprising:
at the base station, transmitting the user data.

17. The method of embodiment 16, wherein the user data is provided at the host

computer by executing a host application, the method further comprising:

at the UE, executing a client application associated with the host application.
25. A communication system including a host computer comprising:
processing circuitry configured to provide user data; and

a communication interface configured to forward user data to a cellular network for

transmission to a user equipment (UE),

wherein the UE comprises a radio interface and processing circuitry, the UE’s
processing circuitry configured for receiving an instruction to establish a second
PDU session between the WD and the DN over a second UPF, wherein the
instruction is received in response to a predicted positional change of the WD
indicating a new future position in which the second UPF is more suitable than the

first UPF for transmission of data between the AS and the WD;

in response to the receiving, establishing the second PDU session over the
second UPF between the WD and the DN; and

in response to the establishing the second PDU session over the second UPF
between the WD and the DN, initiating a first move of packet flows from the first
PDU session over the first UPF to the second PDU session over the second UPF.

26. The communication system of embodiment 25, further including the UE.

27. The communication system of embodiment 26, wherein the cellular network

further includes a base station configured to communicate with the UE.
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28. The communication system of embodiment 26 or 27, wherein:

the processing circuitry of the host computer is configured to execute a host
application, thereby providing the user data; and

the UE’s processing circuitry is configured to execute a client application
associated with the host application.

35. A method implemented in a communication system including a host computer,
a base station and a user equipment (UE), the method comprising:

at the host computer, providing user data; and

at the host computer, initiating a transmission carrying the user data to the UE via
a cellular network comprising the base station, wherein the UE

receives an instruction to establish a second PDU session between the WD and
the DN over a second UPF, wherein the instruction is received in response to a
predicted positional change of the WD indicating a new future position in which the
second UPF is more suitable than the first UPF for transmission of data between
the AS and the WD;

in response to the receiving, establishes the second PDU session over the second
UPF between the WD and the DN; and

in response to establishing the second PDU session over the second UPF
between the WD and the DN, initiates a first move of packet flows from the first
PDU session over the first UPF to the second PDU session over the second UPF.

36. The method of embodiment 35, further comprising:

at the UE, receiving the user data from the base station.

45.A communication system including a host computer comprising:
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a communication interface configured to receive user data originating from a

transmission from a user equipment (UE) to a base station,

wherein the UE comprises a radio interface and processing circuitry, the UE’s

processing circuitry configured for:

receiving an instruction to establish a second PDU session between the WD and
the DN over a second UPF, wherein the instruction is received in response to a
predicted positional change of the WD indicating a new future position in which the
second UPF is more suitable than the first UPF for transmission of data between
the AS and the WD;

in response to the receiving, establishing the second PDU session over the
second UPF between the WD and the DN; and

in response to the establishing the second PDU session over the second UPF
between the WD and the DN, initiating a first move of packet flows from the first
PDU session over the first UPF to the second PDU session over the second UPF.

46. The communication system of embodiment 45, further including the UE.

47. The communication system of embodiment 46, further including the base
station, wherein the base station comprises a radio interface configured to
communicate with the UE and a communication interface configured to forward to
the host computer the user data carried by a transmission from the UE to the base
station.

48. The communication system of embodiment 46 or 47, wherein:

the processing circuitry of the host computer is configured to execute a host

application; and

the UE’s processing circuitry is configured to execute a client application

associated with the host application, thereby providing the user data.

49. The communication system of embodiment 46 or 47, wherein:
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the processing circuitry of the host computer is configured to execute a host
application, thereby providing request data; and

the UE’s processing circuitry is configured to execute a client application
associated with the host application, thereby providing the user data in response
to the request data.

55. A method implemented in a communication system including a host computer,

a base station and a user equipment (UE), the method comprising:

at the host computer, receiving user data transmitted to the base station from the
UE, wherein the UE receives an instruction to establish a second PDU session
between the WD and the DN over a second UPF, wherein the instruction is
received in response to a predicted positional change of the WD indicating a new
future position in which the second UPF is more suitable than the first UPF for

transmission of data between the AS and the WD;

in response to the receiving, establishes the second PDU session over the second
UPF between the WD and the DN; and

in response to establishing the second PDU session over the second UPF
between the WD and the DN, initiates a first move of packet flows from the first
PDU session over the first UPF to the second PDU session over the second UPF.

56. The method of embodiment 55, further comprising:
at the UE, providing the user data to the base station.
57. The method of embodiment 56, further comprising:

at the UE, executing a client application, thereby providing the user data to be
transmitted; and

at the host computer, executing a host application associated with the client

application.

58. The method of embodiment 56, further comprising:
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at the UE, executing a client application; and

at the UE, receiving input data to the client application, the input data being
provided at the host computer by executing a host application associated with the

client application,

wherein the user data to be transmitted is provided by the client application in
response to the input data.

65. A communication system including a host computer comprising a
communication interface configured to receive user data originating from a
transmission from a user equipment (UE) to a base station, wherein the base
station comprises a radio interface and processing circuitry, the base station’s

processing circuitry configured for

receiving a request for establishing a second PDU session over a second UPF,

based on a predicted new position of the WD;

obtaining an indication that the second PDU session should be established via the
most suitable gNB for the second UPF; and

based on the received indication and the received request, ensuring that the

second PDU session is established via the second gNB.

66. The communication system of embodiment 65, further including the base
station.

67. The communication system of embodiment 66, further including the UE,

wherein the UE is configured to communicate with the base station.
68. The communication system of embodiment 67, wherein:

the processing circuitry of the host computer is configured to execute a host

application;

the UE is configured to execute a client application associated with the host
application, thereby providing the user data to be received by the host computer.
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75. A method implemented in a communication system including a host computer,
a base station and a user equipment (UE), the method comprising:

at the host computer, receiving, from the base station, user data originating from a
transmission which the base station has received from the UE, wherein the base
station:

receives a request for establishing a second PDU session over a second UPF,
based on a predicted new position of the WD;

obtains an indication that the second PDU session should be established via the
most suitable gNB for the second UPF; and

based on the received indication and the received request, ensures that the
second PDU session is established via the second gNB.

76. The method of embodiment 75, further comprising:
at the base station, receiving the user data from the UE.
77. The method of embodiment 76, further comprising:

at the base station, initiating a transmission of the received user data to the host

computer.

[000131] Although the description above contains a plurality of specificities, these
should not be construed as limiting the scope of the concept described herein but
as merely providing illustrations of some exemplifying embodiments of the
described concept. It will be appreciated that the scope of the presently described
concept fully encompasses other embodiments which may become obvious to
those skilled in the art, and that the scope of the presently described concept is
accordingly not to be limited. Reference to an element in the singular is not
intended to mean "one and only one" unless explicitly so stated, but rather "one or
more." All structural and functional equivalents to the elements of the above-
described embodiments that are known to those of ordinary skill in the art are
expressly incorporated herein by reference and are intended to be encompassed
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hereby. Moreover, it is not necessary for an apparatus or method to address each
and every problem sought to be solved by the presently described concept, for it to
be encompassed hereby. In the exemplary figures, a broken line generally

signifies that the feature within the broken line is optional.
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CLAIMS

1. A method, performed by a core network node (600) of a wireless
communications network, the wireless communications network further comprising
a first gNB (124) and a second gNB (134), wherein a wireless device, WD (150), is
connected to the first gNB (124), and wherein there is a first Packet Data Unit,
PDU, session established between the WD (150) and a Data Network, DN (135),
over a first User Plane Function, UPF (122), the DN (135) comprising an
application server, AS (140), the method comprising:

obtaining (202) information regarding a predicted positional change of the WD
(150) indicating a new future position of the WD (150);

selecting (204) a second UPF (132) which is more suitable than the first UPF (122)
for transmission of data between the application server and the WD (150) for the

new future position;

triggering (206) establishment of the second PDU session over the second UPF
(132); and

in response to the triggering establishment of the second PDU session over the
second UPF (132), triggering (212) a first move of packet flows from the first PDU
session to the second PDU session.

2. The method according to claim 1, further comprising:
receiving (214) a handover indication; and

based on the receiving (214) a handover indication, triggering (216) a second
move of packet flows from the first PDU session to the second PDU session.

3. The method according to any one of claims 1 or 2, wherein the triggering (206)
establishment of the second PDU session over the second UPF (132) comprises
instructing the WD (150) to trigger establishment of the second PDU session over
the second UPF (132).
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4. The method according to any one of claims 1-3, wherein the triggering (206)
establishment of the second PDU session over the second UPF (132) comprises
triggering establishment of the second PDU session over the second UPF (132)
via the second gNB (134).

5. The method according to claim 4, wherein the triggering (206) establishment of
the second PDU session over the second UPF (132) via the second gNB (134)
comprises triggering establishment of the second PDU session over the second
UPF (132) via the first gNB (124), and further comprising:

in response to the establishment of the second PDU session over the second UPF
(132) via the first gNB (124), facilitating (208) a transfer of the second PDU
session over the second UPF (132) from the first gNB (124) to the second gNB
(134).

6. The method according to any one of claims 1-5, wherein the first PDU session
over the first UPF (122) is via the first gNB, further comprising the step of:

facilitating (210) a transfer of the first PDU session over the first UPF (122) from
the first gNB to the second gNB.

7. The method according to any one of claims 1-6, wherein the triggering
establishment of a second PDU session over the second UPF (132) comprises
indicating that the second PDU session over the second UPF (132) should be via
the gNB which provides a shortest packet transmission latency based on the

predicted new position of the WD (150).

8. The method according to any one of claims 1-7, wherein the triggering (208) a
move of packet flow from the first PDU session over the first UPF (122) to the
second PDU session over the second UPF (132) comprises instructing the AS
(140) or the WD (150) to trigger the move of packet flow from the first PDU
session to the second PDU session.
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9. The method according to any one of claims 1-8, wherein the obtaining (202)
information regarding a predicted positional change of the WD (150) is based on a
positional change of the WD (150) related to a predetermined area.

10. The method according to any one of one of claims 1-9, wherein the information
regarding a predicted positional change of the WD (150) comprises an ID of the
WD (150) and an estimated time of arrival of the WD (150) at a position indicated
in the information regarding a predicted positional change of the WD (150).

11. The method according to any one of claims 1-10, wherein the information
regarding a predicted positional change of the WD (150) is obtained a
predetermined time before the positional change is predicted to take place.

12. The method according to any one of claims 1-11, further comprising:

notifying (205) the AS (140) regarding the upcoming change of UPF, prior to the

triggering establishment of a second PDU session over the second UPF (132).
13. The method according to any one of claims 1-12, further comprising:
triggering (218) a release of the first PDU session over the first UPF (122).

14. A method, performed by a Wireless Device, WD (150), connected to a wireless
communications network, the wireless communications network comprising a core
network node (600), a first gNB (124) and a second gNB (134), wherein the WD
(150) is connected to the first gNB (124), wherein there is a first Packet Data Unit,
PDU, session established between the WD (150) and a Data Network, DN (135),
over a first User Plane Function, UPF, the DN (135) comprising an application
server, AS (140), the PDU session enabling transmission of data between the WD
(150) and the AS (140), the method comprising:

receiving (302) an instruction to establish a second PDU session between the WD
(150) and the DN (135) over a second UPF (132), wherein the instruction is
received in response to a predicted positional change of the WD (150) indicating a
new future position in which the second UPF (132) is more suitable than the first
UPF (122) for transmission of data between the AS (140) and the WD (150);
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in response to the receiving (302), establishing (304) the second PDU session
over the second UPF (132) between the WD (150) and the DN (135); and

in response to the establishing (304) the second PDU session over the second
UPF (132) between the WD (150) and the DN (135), initiating (310) a first move of
packet flows from the first PDU session over the first UPF (122) to the second
PDU session over the second UPF (132).

15. The method according to claim 14, further comprising:
receiving (312) indication of a handover of the WD (150); and

based on the receiving (312) indication of a handover, initiating (314) a second
move of packet flows from the first PDU session to the second PDU session.

16. The method according to claim 14 or 15, wherein establishing the second PDU
session over the second UPF (132) comprises establishing the second PDU

session over the second UPF (132) via the second gNB (134).

17. The method according to claim 16, wherein the establishing the second PDU
session over the second UPF (132) via the second gNB (134) comprises:

establishing the second PDU session over the second UPF (132) via the first gNB
(124); and

in response to the establishing the second PDU session over the second UPF
(132) via the first gNB (124), transferring (306) the second PDU session from the
first gNB (124) to the second gNB (134).

18. The method according to claim 17, further comprising:

in response to the establishing the second PDU session over the second UPF
(132) via the first gNB (124), transferring (308) the first PDU session from the first
gNB (124) to the second gNB (134).

19. The method according to any one of claims 14-18, wherein the instruction to
establish a second PDU session over the second UPF (132) between the WD
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(150) and the application server is received a predetermined amount of time
before the second PDU session over the second UPF (132) should be established.

20. The method according to any one of claims 14-19, further comprising:
releasing (316) the first PDU session.

21. A method, performed by an application server, AS (140), in a wireless
communications network, the wireless communications network further comprising
a core network node (600), a first gNB (124) and a second gNB (134), wherein the
WD (150) is connected to the first gNB (124), wherein there is a first Packet Data
Unit, PDU, session established between the WD (150) and a Data Network, DN
(135), over a first User Plane Function, UPF, the DN (135) comprising the AS
(140), the PDU session enabling transmission of data between the WD (150) and
the AS (140), the method comprising:

subscribing (402) to information regarding predicted positional changes of the WD
(150);

receiving (404) an indication that a second PDU session has been established
between the DN (135) and the WD (150) over the second UPF (132), wherein the
second PDU session is received in response to a predicted positional change of
the WD (150) indicating a new future position in which the second UPF (132) is
more suitable than the first UPF (122) for transmission of data between the AS
(140) and the WD (150);

in response to the receiving an indication that a second PDU session has been
established between the DN (135) and the WD (150) over the second UPF (132),
initiating (406) a first move of packet flows from the first PDU session over the first
UPF (122) to the second PDU session over the second UPF (132).

22. The method according to claim 21, further comprising:

receiving (408) indication of a handover of the WD (150); and
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based on receiving (408) the indication of handover, initiating (410) a second
move of packet flows from the first PDU session to the second PDU session.

23. The method according to claim 21 or 22, further comprising:

receiving (403) a notification regarding the upcoming change of UPF, prior to
receiving the second PDU session over the second UPF (132).

24. A method, performed by a first gNB (124) of a wireless communications
network, the wireless communications network further comprising a core network
node (600) and a second gNB (134), wherein a WD (150) is connected to the first
gNB (124), wherein there is a first Packet Data Unit, PDU, session established
between the WD (150) and a Data Network, DN (135), over a first User Plane
Function, UPF, the DN (135) comprising the AS (140), the PDU session enabling
transmission of data between the WD (150) and the AS (140), the method

comprising:

receiving (502) a request for establishing a second PDU session over a second
UPF (132), based on a predicted new position of the WD (150);

obtaining (504) an indication that the second PDU session should be established
via the most suitable gNB for the second UPF (132); and

based on the received indication and the received request, ensuring (506) that the
second PDU session is established via the second gNB (134).

25. The method according to claim 24, wherein the method further comprises:

selecting (505) the second gNB as the most suitable gNB for establishing the
second PDU session over the second UPF (132).

26. The method according to claim 24, wherein the indication comprises an
indication that the second PDU session should be established via the second gNB.
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27. The method according to any one of claims 24 to 26, wherein the indication
comprises an indication that the second PDU session should be via the gNB which
has the shortest packet transmission delay for the predicted new position.

28. The method according to any one of claims 24-27, wherein the indication is
received from the core network node (600).

29. The method according to any one of claims 24-28, wherein the indication is
stored as a policy in the first gNB (124).

30. The method according to any one of claims 24-29, wherein the ensuring that
the second PDU session is established via the second gNB (134) comprises the

steps of:
ensuring that the second PDU session is established via the first gNB (124); and

based on the ensuring that the second PDU session is established via the first
gNB (124), triggering (508) a move of the second PDU session from the first gNB
(124) to the second gNB (134).

31. A core network node (600) operable in a wireless communications network,
the wireless communications network comprising a first gNB (124) and a second
gNB (126), wherein a wireless device, WD (150), is connected to the first gNB,
and wherein there is a first Packet Data Unit, PDU, session established between
the WD and a Data Network, DN (135), over a first User Plane Function, UPF, the
DN (135) comprising an application server, the core network node (600)

comprising:
processing circuitry (603); and

a memory (604), said memory (604) containing instructions executable by said
processing circuitry (603), whereby said core network node (600) is operative for:

obtaining information regarding a predicted positional change of the WD (150)
indicating a new future position of the WD (150);
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selecting a second UPF (132) which is more suitable than the first UPF (122) for
transmission of data between the application server and the WD (150) for the new

future position;

triggering establishment of the second PDU session over the second UPF (132);
and

in response to the triggering establishment of the second PDU session over the
second UPF (132), triggering a first move of packet flows from the first PDU
session to the second PDU session.

32. A computer program (605) comprising computer readable code means to be
run in a core network node (600) of a wireless communications network, the
wireless communications network comprising a first gNB (124) and a second gNB
(126), wherein a wireless device, WD (150), is connected to the first gNB, and
wherein there is a first Packet Data Unit, PDU, session established between the
WD and a Data Network, DN (135), over a first User Plane Function, UPF, the DN
(135) comprising an application server, which computer readable code means
when run in the core network node (600) causes the core network node (600) to

perform the following steps:

obtaining information regarding a predicted positional change of the WD (150)
indicating a new future position of the WD (150);

selecting a second UPF (132) which is more suitable than the first UPF (122) for
transmission of data between the application server and the WD (150) for the new

future position;

triggering establishment of the second PDU session over the second UPF (132);
and

in response to the triggering establishment of the second PDU session over the
second UPF (132), triggering a first move of packet flows from the first PDU
session to the second PDU session.
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33. A carrier containing the computer program (605) according to claim 32,
wherein the carrier is one of an electronic signal, optical signal, radio signal or

computer readable storage medium.

34. A wireless device, WD, (150) operable for communication with a wireless
communications network, the wireless communications network comprising a core
network node (600), a first gNB (124) and a second gNB (134), wherein the WD
(150) is operable to be connected to the first gNB (124), and operable to have a
first Packet Data Unit, PDU, session established between the WD (150) and a
Data Network, DN (135), over a first User Plane Function, UPF, the DN (135)
comprising an application server, AS (140), the PDU session enabling
transmission of data between the WD (150) and the AS (140), the WD (150)

comprising:
processing circuitry (703); and

a memory (704), said memory (704) containing instructions executable by said
processing circuitry (703), whereby said wireless device (150) is operative for:

receiving an instruction to establish a second PDU session between the WD (150)
and the DN (135) over a second UPF (132), wherein the instruction is received in
response to a predicted positional change of the WD (150) indicating a new future
position in which the second UPF (132) is more suitable than the first UPF (122)
for transmission of data between the AS (140) and the WD (150);

in response to the receiving, establishing (304) the second PDU session over the
second UPF (132) between the WD (150) and the DN (135); and

in response to the establishing the second PDU session over the second UPF
(132) between the WD (150) and the DN (135), initiating (310) a first move of

packet flows from the first PDU session over the first UPF (122) to the second
PDU session over the second UPF (132).

35. A computer program (705) comprising computer readable code means to be

run in a wireless device, WD (150), operable for communication with a wireless
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communications network, the wireless communications network comprising a core
network node (600), a first gNB (124) and a second gNB (134), wherein the WD
(150) is operable to be connected to the first gNB (124), and is operable to have a
first Packet Data Unit, PDU, session established between the WD (150) and a
Data Network, DN (135), over a first User Plane Function, UPF, the DN (135)
comprising an application server, AS (140), the PDU session enabling
transmission of data between the WD (150) and the AS (140), which computer
readable code means when run in the wireless device (150) causes the wireless

device (150) to perform the following steps:

receiving an instruction to establish a second PDU session between the WD (150)
and the DN (135) over a second UPF (132), wherein the instruction is received in
response to a predicted positional change of the WD (150) indicating a new future
position in which the second UPF (132) is more suitable than the first UPF (122)
for transmission of data between the AS (140) and the WD (150);

in response to the receiving, establishing (304) the second PDU session over the
second UPF (132) between the WD (150) and the DN (135); and

in response to the establishing the second PDU session over the second UPF
(132) between the WD (150) and the DN (135), initiating (310) a first move of
packet flows from the first PDU session over the first UPF (122) to the second
PDU session over the second UPF (132).

36. A carrier containing the computer program (705) according to claim 35,
wherein the carrier is one of an electronic signal, optical signal, radio signal or

computer readable storage medium.

37. An application server, AS (140), operable in a wireless communications
network (100), the wireless communications network comprising a core network
node (600), a first gNB (124) and a second gNB (134), wherein the WD (150) is
connected to the first gNB (124), wherein there is a first Packet Data Unit, PDU,
session established between the WD (150) and a Data Network, DN (135), over a
first User Plane Function, UPF, the DN (135) comprising the AS (140), the PDU
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session enabling transmission of data between the WD (150) and the AS (140),
the AS (140) comprising:

processing circuitry (803); and

a memory (804), said memory (804) containing instructions executable by said
processing circuitry (803), whereby said AS (140) is operative for:

subscribing to information regarding predicted positional changes of the WD (150);

receiving an indication that a second PDU session has been established between
the DN (135) and the WD (150) over the second UPF (132), wherein the second
PDU session is received in response to a predicted positional change of the WD
(150) indicating a new future position in which the second UPF (132) is more
suitable than the first UPF (122) for transmission of data between the AS (140)
and the WD (150);

in response to the receiving an indication that a second PDU session has been
established between the DN (135) and the WD (150) over the second UPF (132),
initiating (406) a first move of packet flows from the first PDU session over the first
UPF (122) to the second PDU session over the second UPF (132).

38. A computer program (805) comprising computer readable code means to be
run in an application server, AS (140), of a wireless communications network, the
wireless communications network comprising a core network node (600), a first
gNB (124) and a second gNB (134), wherein the WD (150) is connected to the first
gNB (124), wherein there is a first Packet Data Unit, PDU, session established
between the WD (150) and a Data Network, DN (135), over a first User Plane
Function, UPF, the DN (135) comprising the AS (140), the PDU session enabling
transmission of data between the WD (150) and the AS (140), which computer
readable code means when run in the application server (140) causes the
application server (140) to perform the following steps:

subscribing to information regarding predicted positional changes of the WD (150);
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receiving an indication that a second PDU session has been established between
the DN (135) and the WD (150) over the second UPF (132), wherein the second
PDU session is received in response to a predicted positional change of the WD
(150) indicating a new future position in which the second UPF (132) is more
suitable than the first UPF (122) for transmission of data between the AS (140)
and the WD (150);

in response to the receiving an indication that a second PDU session has been
established between the DN (135) and the WD (150) over the second UPF (132),
initiating (406) a first move of packet flows from the first PDU session over the first
UPF (122) to the second PDU session over the second UPF (132).

39. A carrier containing the computer program (805) according to claim 38,
wherein the carrier is one of an electronic signal, optical signal, radio signal or

computer readable storage medium.

40. A first gNB (124) operable in a wireless communications network, the wireless
communications network further comprising a core network node (600) and a
second gNB (134), wherein the first gNB (124) is operable to have a connection to
a WD (150), wherein the first gNB is operable to have a first Packet Data Unit,
PDU, session established between the WD (150) and a Data Network, DN (135),
over a first User Plane Function, UPF, the DN (135) comprising the AS (140), the
PDU session enabling transmission of data between the WD (150) and the AS
(140), the first gNB (124) comprising:

processing circuitry (903); and

a memory (904), said memory (904) containing instructions executable by said
processing circuitry (903), whereby said first gNB (124) is operative for:

receiving a request for establishing a second PDU session over a second UPF,
based on a predicted new position of the WD (150);

obtaining an indication that the second PDU session should be established via the
most suitable gNB for the second UPF; and
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based on the received indication and the received request, ensuring (506) that the
second PDU session is established via the second gNB (134).

41. A computer program (905) comprising computer readable code means to be
run in a first gNB (134) of a wireless communications network, the wireless
communications network further comprising a core network node (600) and a
second gNB (134), wherein the first gNB (124) is operable to have a connection to
a WD (150), wherein the first gNB is operable to have a first Packet Data Unit,
PDU, session established between the WD (150) and a Data Network, DN (135),
over a first User Plane Function, UPF, the DN (135) comprising the AS (140), the
PDU session enabling transmission of data between the WD (150) and the AS
(140), which computer readable code means when run in the first gNB (134)

causes the first gNB (134) to perform the following steps:

receiving a request for establishing a second PDU session over a second UPF,
based on a predicted new position of the WD (150);

obtaining an indication that the second PDU session should be established via the

most suitable gNB for the second UPF; and

based on the received indication and the received request, ensuring (506) that the
second PDU session is established via the second gNB (134).

42. A carrier containing the computer program (605) according to claim 41,
wherein the carrier is one of an electronic signal, optical signal, radio signal or

computer readable storage medium.
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