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(57) Abstract: Systems, methods, apparatuses, and computer program products for interworking between bearer-less networks and
bearer-based networks are provided. One method includes receiving, by anetwork entity in abearer-less network, a context request
to obtain user equipment context information for a user equipment moving from the bearer-less network to a bearer-based network.
The method may further include providing a context response comprising the context information to a network entity in the bear -
er-based network, the context information used to establish bearers for the user equipment to obtain internet protocol (IP) based ser -
vices.
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INTERWORKING WITH BEARER-BASED SY STEM

BACKGROUND:

Field:

[0001] Embodiments of the invention generally relate to wireless
communications networks, such as, but not limited to, the Universal Mobile
Telecommunications System (UMTS) Terrestrial Radio Access Network
(UTRAN), Long Term Evolution (LTE) Evolved UTRAN (E-UTRAN),
and/or LTE-Advanced (LTE-A).

Description of the Related Art:

[0002] Universal Mobile Telecommunications System (UMTS) Terrestrial
Radio Access Network (UTRAN) refers to a communications network
including base stations, or Node-Bs, and radio network controllers (RNC).
UTRAN alows for connectivity between the user equipment (UE) and the
core network. The RNC provides control functionalities for one or more
Node Bs. The RNC and its corresponding Node Bs are caled the Radio
Network Subsystem (RNS).

[0003] Long Term Evolution (LTE) refers to improvements of the UMTS
through improved efficiency and services, lower costs, and use of new
spectrum opportunities. In particular, LTE is a 3rd Generation Partnership
Project (3GPP) standard that provides for uplink peak rates of at least 50
megabits per second (Mbps) and downlink peak rates of at least 100 Mbps.
LTE supports scalable carrier bandwidths from 20 MHz down to 14 MHz
and supports both Frequency Division Duplexing (FDD) and Time Division
Duplexing (TDD).

[0004] As mentioned above, LTE improves spectral efficiency in
communication networks, allowing carriers to provide more data and voice

services over agiven bandwidth. Therefore, LTE is designed to fulfill future
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needs for high-speed data and media transport in addition to high-capacity
voice support. Advantages of LTE include high throughput, low latency,
FDD and TDD support in the same platform, an improved end-user
experience, and a simple architecture resulting in low operating costs. In
addition, LTE is an all internet protocol (IP) based network, supporting both
IPv4 and IPv6.

[0005] The Evolved 3GPP Packet Switched Domain, which is also known
as the Evolved Packet System (EPS), provides IP connectivity using the E-
UTRAN.

SUMMARY::

[0006] One embodiment is directed to a method that includes receiving,
by a network entity in abearer-less network, a context request to obtain user
equipment context information for auser equipment moving from the bearer-
less network to a bearer-based network. The method may further include
providing a context response comprising the context information to a
network entity in the bearer-based network, the context information used to
establish bearers for the user equipment to obtain internet protocol (IP) based
services.

[0007] Another embodiment is directed to an apparatus including means
for receiving, by a network entity in abearer-less network, a context request
to obtain user equipment context information for a user equipment moving
from the bearer-less network to a bearer-based network. The apparatus may
further include means for providing a context response comprising the
context information to a network entity in the bearer-based network, the
context information used to establish bearers for the user equipment to
obtain internet protocol (I1P) based services.

[0008] Another embodiment is directed to an apparatus including at least
one processor and at least one memory including computer program code.

The at least one memory and the computer program code are configured,
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with the at least one processor, to cause the apparatus at least to receive a
context request to obtain user equipment context information for a user
equipment moving from a bearer-less network to a bearer-based network,
and to provide a context response comprising the context information to a
network entity in the bearer-based network, the context information used to
establish bearers for the user equipment to obtain internet protocol (1P) based
services.

[0009] Another embodiment is directed to a method that includes
receiving, by a network entity in a bearer-based network, a tracking area
update (TAU) to register with the bearer-based network, the tracking area
update (TAU) being received from auser equipment moving from a bearer-
less network to the bearer-based network. The method may further include
initiating a context request to obtain context information from a network
entity in the bearer-less network, and receiving the context information to
establish bearers for the user equipment to obtain internet protocol (I1P) based
services.

[0010] Another embodiment is directed to an apparatus including means
for receiving, by a network entity in a bearer-based network, a tracking area
update (TAU) to register with the bearer-based network, the tracking area
update (TAU) being received from auser equipment moving from a bearer-
less network to the bearer-based network. The apparatus may further include
means for  initiating a context request to obtain context information from
a network entity in the bearer-less network, and means for receiving the
context information to establish bearers for the user equipment to obtain
internet protocol (1P) based services.

[0011] Another embodiment is directed to an apparatus including at least
one processor and at least one memory including computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to receive a

tracking area update (TAU) to register with a bearer-based network, the
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tracking area update (TAU) being received from a user equipment moving
from a bearer-less network to the bearer-based network, to initiate a context
request to obtain context information from anetwork entity in the bearer-less
network, and to receive the context information to establish bearers for the
user equipment to obtain internet protocol (I1P) based services.

[0012] Another embodiment is directed to a method that includes
detecting, by a user equipment, that the user equipment is moving from a
bearer-less network to a bearer-based network. The method may further
include initiating a tracking area update (TAU) message to register with the
bearer-based network and simulating bearers by setting bearer context
information within the TAU message to show that the user equipment
supports two bearers.

[0013] Another embodiment is directed to an apparatus including means
for detecting, by auser equipment, that the user equipment is moving from a
bearer-less network to a bearer-based network. The apparatus may further
include means for initiating a tracking area update (TAU) message to
register with the bearer-based network and simulating bearers by setting
bearer context information within the TAU message to show that the user
equipment supports two bearers.

[0014] Another embodiment is directed to an apparatus including at least
one processor and at least one memory including computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to detect that
the apparatus is moving from a bearer-less network to a bearer-based
network, and to initiate a tracking area update (TAU) message to register
with the bearer-based network and simulate bearers by setting bearer context
information within the TAU message to show that the apparatus supports
two bearers.

[0015] Another embodiment is directed to a method that includes

receiving, by a network entity in a bearer-less network, an initial attach or
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tracking area update (TAU) request from a user equipment moving from a
bearer-based network to the bearer-less network. The method may further
include obtaining bearer context information from an entity of the bearer-
based network, and retrieving a mapping of bearer quality of service (QoS)
class identifier (QCI) to 5G QoS parameters including DiffServ code point
(DSCP) values, other 5G QoS priority related values. The method may also
include informing a gateway in the bearer-less network of the mapping
and the use of packet filters that may be assigned to different bearers to set
the DSCP values for the service data flows.
[0016] Another embodiment is directed to an apparatus including means
for receiving, by anetwork entity in abearer-less network, an initia attach or
tracking area update (TAU) request from a user equipment moving from a
bearer-based network to the bearer-less network. The apparatus may further
include means for obtaining bearer context information from an entity of the
bearer-based network, and means for retrieving a mapping of bearer quality
of service (Qo0S) class identifier (QCI) to 5G QoS parameters including
DiffServ code point (DSCP) values, other 5G QoS priority related values.
The apparatus may also include means for informing a gateway in the
bearer-less network of the mapping and the use of packet filters that may be
assigned to different bearers to set the DSCP values for the service data
flows.
[0017] Another embodiment is directed to an apparatus including at least
one processor and at least one memory including computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to receive an
initial attach or tracking area update (TAU) request from a user equipment
moving from abearer-based network to abearer-less network, to obtain
bearer context information from an entity of the bearer-based network, to
retrieve a mapping of bearer quality of service (QoS) class identifier (QCI)
to 5G QoS parameters including DiffServ code point (DSCP) values, other
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QoS priority related values, to inform a gateway in the bearer-less network
of the mapping and the use of packet filters that may be assigned to different
bearers to set the DSCP values for the service data flows.
[0018] Another embodiment is directed to a method that includes
detecting, by a user equipment, that the user equipment is moving from a
bearer-based network to a bearer-less network, and performing initial attach
to obtain internet protocol (IP) connectivity from the bearer-less network or
performing atracking area update (TAU) procedure to perform registration
with the bearer-less network. When performing the initial attach or the TAU
procedure, the method may include providing quality of service (QoS)
information to the bearer-less network.
[0019] Another embodiment is directed to an apparatus including means
for detecting, by auser equipment, that the user equipment is moving from a
bearer-based network to a bearer-less network, and means for performing
initial attach to obtain internet protocol (IP) connectivity from the bearer-less
network or performing a tracking area update (TAU) procedure to perform
registration with the bearer-less network. When performing the initial attach
or the TAU procedure, the apparatus may further include means for
providing quality of service (QoS) information to the bearer-less network.
[0020] Another embodiment is directed to an apparatus including at least
one processor and at least one memory including computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to detect that
the apparatus is moving from a bearer-based network to a bearer-less
network, to perform initial attach to obtain internet protocol (IP) connectivity
from the bearer-less network or performing a tracking area update (TAU)
procedure to perform registration with the bearer-less network. When
performing the initial attach or the TAU procedure, the at least one memory
and the computer program code may be further configured, with the at least
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one processor, to cause the apparatus at least to provide quality of service
(QoS) information to the bearer-less network.

[0021] Another embodiment is directed to a method that includes
initiating, by a network entity in a bearer-less network, handover of a user
equipment from the bearer-less network to a bearer-based network, mapping
qguality of service (QoS) parameters from different service flows of the
bearer-less network to Evolved Packet System (EPS) bearer level QoS of the
bearer-based network, determining access point name (APN) to be used in
the bearer-based network, providing APN information within EPS packet
data network (PDN) connections in a relocation request forwarded to the
bearer-based network to establish appropriate bearers for the user equipment,
and sending a handover command to the user equipment to trigger handover
to the bearer-based network.

[0022] Another embodiment is directed to an apparatus including means
for initiating, by a network entity in a bearer-less network, handover of a
user equipment from the bearer-less network to a bearer-based network,
means for mapping quality of service (Qo0S) parameters from different
service flows of the bearer-less network to Evolved Packet System (EPS)
bearer level QoS of the bearer-based network, means for determining access
point name (APN) to be used in the bearer-based network, means for
providing APN information within EPS packet data network (PDN)
connections in arelocation request forwarded to the bearer-based network to
establish appropriate bearers for the user equipment, and means for sending
a handover command to the user equipment to trigger handover to the
bearer-based network.

[0023] Another embodiment is directed to an apparatus including at least
one processor and at least one memory including computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to initiate

handover of a user equipment from a bearer-less network to a bearer-based
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network, to map quality of service (QoS) parameters from different service
flows of the bearer-less network to Evolved Packet System (EPS) bearer
level QoS of the bearer-based network, to determine access point name
(APN) to be used in the bearer-based network, to provide APN information
within EPS packet data network (PDN) connections in a relocation request
forwarded to the bearer-based network to establish appropriate bearers for
the user equipment, and to send a handover command to the user equipment
to trigger handover to the bearer-based network.

[0024] Another embodiment is directed to a method that includes
receiving, by a network entity in abearer-based network, arelocation request
comprising access point name (APN) information for establishing
appropriate bearers for a user equipment handover from a bearer-less
network to the bearer-based network. The method may aso include
preparing for the handover by setting up general packet radio
service (GPRS) tunnelling protocol (GTP) tunnels for the user equipment
based in pat on the received APN information, and confirming
establishment of the appropriate bearers to the bearer-less network.

[0025] Another embodiment is directed to an apparatus including means
for receiving, by a network entity in a bearer-based network, a relocation
request comprising access point name (APN) information for establishing
appropriate bearers for a user equipment handover from a bearer-less
network to the bearer-based network. The apparatus may also include means
for preparing for the handover by setting up general packet radio
service (GPRS) tunnelling protocol (GTP) tunnels for the user equipment
based in part on the received APN information, and means for confirming
establishment of the appropriate bearers to the bearer-less network.

[0026] Another embodiment is directed to an apparatus including at least
one processor and at least one memory including computer program code.
The at least one memory and the computer program code are configured,

with the at least one processor, to cause the apparatus at least to receive a
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relocation request comprising access point name (APN) information for
establishing appropriate bearers for a user equipment handover from a
bearer-less network to a bearer-based network, to prepare for the handover
by setting up general packet radio service (GPRS) tunnelling protocol (GTP)
tunnels for the user equipment based in part on the received APN
information, and to confirm establishment of the appropriate bearers to the
bearer-less network.

[0027] Another embodiment is directed to a method that includes
receiving, by a network entity in a bearer-less network, an indication that
handover of auser equipment from abearer-based network to the bearer-less
network isrequired, and preparing for the handover by setting up at least one
generic routing encapsulation (GRE) tunnel for the user equipment. The
method may further include mapping quality of service (QoS) class identifier
(QCI) values retrieved from the bearer-based network to 5G QoS parameters
including DiffServ code point (DSCP) values, other QoS priority related
values providing the mapping to a gateway in the bearer-less network and
use of packet filters that may be assigned to different bearers to set the
DSCP values for the service data flows, receiving a tracking area update
(TAU) message from the user equipment executing handover, and
confirming establishment of bearers to the bearer-based network and de-
activating tunnel(s) established for data forwarding.

[0028] Another embodiment is directed to an apparatus including means
for receiving, by a network entity in abearer-less network, an indication that
handover of auser equipment from abearer-based network to the bearer-less
network is required, and means for preparing for the handover by setting up
a least one generic routing encapsulation (GRE) tunnel for the user
equipment. The apparatus may further include means for mapping quality of
service (QoS) class identifier (QCI) values retrieved from the bearer-based
network to 5G QoS parameters including DiffServ code point (DSCP)
values, other QoS priority related values providing the mapping to a gateway
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in the bearer-less network and use of packet filters that may be assigned to
different bearers to set the DSCP values for the service data flows, means for
receiving a tracking area update (TAU) message from the user equipment
executing handover, and means for confirming establishment of bearers to
the bearer-based network and de-activating tunnel(s) established for data
forwarding.

[0029] Another embodiment is directed to an apparatus including at least
one processor and at least one memory including computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to receive an
indication that handover of auser equipment from a bearer-based network to
abearer-less network isrequired, to prepare for the handover by setting
up at least one generic routing encapsulation (GRE) tunnel for the user
equipment, to map quality of service (QoS) class identifier (QCl) values
retrieved from the bearer-based network to DiffServ code point (DSCP)
values, 5G QoS parameters including DiffServ code point (DSCP) values,
other QoS priority related values provide the mapping to a gateway in the
bearer-less network and use of packet filters that may be assigned to
different bearers to set the DSCP values for the service data flows, to receive
a tracking area update (TAU) message from the user equipment executing
handover, and to confirm establishment of bearers to the bearer-based
network and de-activate tunnel(s) established for data forwarding.

[0030] Another embodiment is directed to a method that includes
detecting, by a network entity in abearer-based network, that handover of a
user equipment from the bearer-based network to a bearer-less network is
required. The method may also include determining which entity in the
bearer-less network controls an access point that will serve the user
equipment, initiating handover and providing bearer context information in a
relocation request forwarded to the entity in the bearer-less network, and

creating a tunnel to perform data forwarding and informing an evolved node
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B (eNB) in the bearer-based network that handover can be triggered with a

handover command.

[0031] Another embodiment is directed to an apparatus including means
for detecting, by a network entity in a bearer-based network, that handover
of auser equipment from the bearer-based network to a bearer-less network
is required. The apparatus may aso include means for determining which
entity in the bearer-less network controls an access point that will serve the
user equipment, means for initiating handover and providing bearer context
information in arelocation request forwarded to the entity in the bearer-less
network, and means for creating a tunnel to perform data forwarding and
informing an evolved node B (eNB) in the bearer-based network that
handover can be triggered with ahandover command.

[0032] Another embodiment is directed to an apparatus including at least
one processor and at least one memory including computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to detect that
handover of a user equipment from a bearer-based network to a bearer-less
network is required, to determine which entity in the bearer-less network
controls an access point that will serve the user equipment, to initiate
handover and provide bearer context information in a relocation request
forwarded to the entity in the bearer-less network, and to create a tunnel to
perform data forwarding and inform an evolved node B (eNB) in the bearer-
based network that handover can be triggered with ahandover command.
[0033] Another embodiment is directed to a method that includes
receiving, by an access point in a bearer-less network, information about an
evolved node B (eNB) and mobility management entity (MME) of a bearer-
based network, the information being received from a user equipment
moving from the bearer-based network to the bearer-less network. The

method may also include using the information to obtain user equipment
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context information from the eNB, and routing the user equipment to an
appropriate access control server.

[0034] Another embodiment is directed to an apparatus including means
for receiving, by an access point in a bearer-less network, information about
an evolved node B (eNB) and mobility management entity (MME) of a
bearer-based network, the information being received from auser equipment
moving from the bearer-based network to the bearer-less network. The
apparatus may also include means for using the information to obtain user
equipment context information from the eNB, and means for routing the user
equipment to an appropriate access control server.

[0035] Another embodiment is directed to an apparatus including at least
one processor and at least one memory including computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to receive
information about an evolved node B (eNB) and mobility management entity
(MME) of a bearer-based network, the information being received from a
user equipment moving from the bearer-based network to a bearer-less
network, to use the information to obtain user equipment context information
from the eNB, and to route the user equipment to an appropriate access
control server.

[0036] Another embodiment is directed to a method that includes
detecting, by a user equipment, that the user equipment is moving from a
bearer-based network to a bearer-less network. The method may also include
providing, to an access point in the bearer-less network, information about an
evolved node B (eNB) and mobility management entity (MME) of the bearer-
based network, and executing handover from the bearer-based network to the
bearer-less network.

[0037] Another embodiment is directed to an apparatus including means
for detecting, by a user equipment, that the user equipment is moving from a

bearer-based network to abearer-less network. The apparatus may also include
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means for providing, to an access point in the bearer-less network, information
about an evolved node B (eNB) and mobility management entity (MME) of
the bearer-based network, and means for executing handover from the bearer-
based network to the bearer-less network.
[0038] Another embodiment is directed to an apparatus including at |east
one processor and at least one memory including computer program code.
The at least one memory and the computer program code are configured,
with the at least one processor, to cause the apparatus at least to detect that
the apparatus is moving from a bearer-based network to a bearer-less network,
to provide, to an access point in the bearer-less network, information about an
evolved node B (eNB) and mobility management entity (MME) of the bearer-
based network, and to execute handover from the bearer-based network to the
bearer-less network.
[0039] Other embodiments may be directed to computer program(s),
embodied on a computer readable medium and configured to control a

processor to perform any of the methods described herein.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0040] For proper understanding of the invention, reference should be
made to the accompanying drawings, wherein:

[0041] Fig. lillustrates a system according to an embodiment;

[0042] Fig. 2illustrates a system according to one embodiment;

[0043] Fig. 3illustrates a signaling diagram according to an embodiment;
[0044] Fig. 4 illustrates a signaling diagram according to another
embodiment;

[0045] Fig. 5 illustrates a signaling diagram according to another
embodiment;

[0046] Fig. 6aillustrates ablock diagram of an apparatus according to one
embodiment;
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[0047] Fig. 6b illustrates a block diagram of an apparatus according to

another embodiment;

[0048] Fig. 6¢ illustrates a block diagram of an apparatus according to
another embodiment;

[0049] Fig. 7aillustrates a flow diagram of a method according to one
embodiment;

[0050] Fig. 7b illustrates aflow diagram of a method according to another
embodiment;

[0051] Fig. 7cillustrates aflow diagram of a method according to another
embodiment;

[0052] Fig. 7d illustrates aflow diagram of a method according to another
embodiment;

[0053] Fig. 7eillustrates a flow diagram of a method according to another
embodiment;

[0054] Fig. 8aillustrates aflow diagram of a method according to another
embodiment;

[0055] Fig. 8billustrates aflow diagram of a method according to another
embodiment; and

[0056] Fig. 8cillustrates a flow diagram of a method according to another

embodiment.

DETAILED DESCRIPTION:

[0057] It will be readily understood that the components of the invention,
as generally described and illustrated in the figures herein, may be arranged
and designed in a wide variety of different configurations. Thus, the
following detailed description of the embodiments of systems, methods,
apparatuses, and computer program products for interworking with bearer
based networks (e.g., LTE), as represented in the attached figures and
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described below, is not intended to limit the scope of the invention but is
representative of selected embodiments of the invention.
[0058] The features, structures, or characteristics of the invention
described throughout this specification may be combined in any suitable
manner in one or more embodiments. For example, the usage of the phrases
"certain embodiments,” "some embodiments,” or other similar language,
throughout this specification refers to the fact that a particular feature,
structure, or characteristic described in connection with the embodiment may
be included in at least one embodiment of the present invention. Thus,
appearances of the phrases "in certain embodiments” "in some
embodiments,” "in other embodiments,” or other similar language,
throughout this specification do not necessarily all refer to the same group of
embodiments, and the described features, structures, or characteristics may
be combined in any suitable manner in one or more embodiments.
[0059] Additionally, if desired, the different functions discussed below
may be performed in a different order and/or concurrently with each other.
Furthermore, if desired, one or more of the described functions may be
optional or may be combined. As such, the following description should be
considered as merely illustrative of the principles, teachings and
embodiments of this invention, and not in limitation thereof.
[0060] The evolved packet system (EPS) is the evolution of the general
packet radio system (GPRS). EPS provides a new radio interface and new
evolved packet core (EPC) network functions for broadband wireless data
access. Fig. lillustrates an example of the EPS core network 100, according
to an embodiment. As illustrated in Fig. 1, the EPS core network 100
includes the Mobility Management Entity (MME) 110, Packet Data Network
Gateway (PGW) 125, and Serving Gateway (SGW) 120. MME 110 is
connected to SGW 120 via the Sl interface, and the SGW 120 in turn is
connected to PGW 125 via the S5 interface.
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[0061] A common packet domain core network, such as EPS core network
100, can be used to provide core network functionality to the base station
controller (BSC) 103 of the GSM/Edge radio access network (GERAN), the
radio network controller (RNC) 102 of the UTRAN, and the eNodeB (eNB)
101 of the E-UTRAN.

[0062) MME 110 is considered the main control node for the core
network 100. Some features handled by MME 110 include: bearer
activation/de-activation, idle mode UE tracking, choice of SGW for a UE
104, intrarLTE handover involving core network node location, interacting
with the home location register (HLR) / home subscriber server (HSS) 130 to
authenticate user on attachment, and providing temporary identities for UEs
104.

[0063] HLR/HSS 130 is a central database that contains user-related and
subscription-related information. Functions of the HLR/HSS 130 are related
to mobility management, call and session establishment support, user
authentication and access authorization.

[0064] SGW 120 is a data plane element within the core network 100.
SGW 120 manages user plane (UP) mobility, acts as local mobility anchor
and provides an UP interface to the radio access network(s). SGW 120
maintains the data path between the eNBs 101 and PGW 125. SGW 120
may aso be in communication with home public land mobile network
(HPLMN) PGW 135. PGW 125 provides connectivity for the UE to
external packet data networks (PDNs). A UE 104 may have connectivity
with more than one PGW 125 for accessing multiple PDNs 150.

[0065] A serving GPRS support node (SGSN) 105 may be provided in the
core network 100 to transfer information to and from the GERAN and
UTRAN via an lu interface, for example. SGSN 105 communicates with
SGW 120 via the $4 interface. SGSN 105 stores location information for a
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UE, such asrouting area, and stores also user profiles, such as international
mobile subscriber identity (IMSI).
[0066] One of the main principles behind EPS is the "always on" concept.
When a UE performs initial attach, a default bearer is established and an IP
address is alocated, and this remains until the UE is detached. In order to
ensure that the UE is "aways on", when the last bearer is deactivated, the
UE isdetached from the network.
[0067] Now, 5" generation wireless systems (5G) is an important research
topic in the industry. A new 5G partnership project initiative is being funded
by the EU in order for the industry to participate and reach consensus on the
relevant topics. One of the key motivations with the new architecture for 5G
isto address the shortcomings of the LTE architecture.
[0068] One such shortcoming in LTE is the bearer concept. The user
internet protocol (IP) traffic is transported through the cellular access
network by wusing dedicated bearer services that is point-to-point
connections. One user may have configured multiple bearer services for
different e-2-e service types/classes and these bearer services are configured
over the radio link connection and the access network connections so that the
termination point is at the PGW that provides the bridging function towards
the native | P access networks.
[0069] Some drawbacks have been identified with the bearer concept,
including the following:

* Bearer based quality of service (QoS) has some limitations if the
same bearer is used for transmitting packets from different
applications (e.g., Web browsing, traffic from Facebook™,
Skype™, YouTube™ with different QoS needs);

* Aslong as services can be differentiated via 5-tuples, EPS bearers
can be used. But this is not possible for al services, either because

they do not differ in the 5-tuple or 5-tuples need to change very
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dynamicaly (e.g., when embedded content in a HTML page is

loaded from a server), which makes rapid and frequent updates in
UE and PGW impossible.
» Additional signaling is required to establish, tear down bearers,
modify traffic flow templates (TFTs), etc.
[0070] In order to overcome these limitations, there is a strong urge to
design 5G systems without introducing a bearer concept. However, LTE
networks require the device to support at least one bearer for the UE to
remain registered. Thus, interworking is a major problem that needs to be
solved for UE(s) that move between 5G and LTE networks both during idle
mode and connected mode. Also, service continuity is critical in order to
support real time communication services that are supported over LTE and
5G networks (e.g., voice, critical communication etc.).
[0071] One embodiment of the invention provides a solution that alows
interworking and seamless service continuity between bearer-less (e.g., 5G)
networks and bearer-based (e.g., LTE) networks. Furthermore, certain
embodiments also provide architectural enhancements for interworking
between bearer-based (e.g., LTE) and bearer-less (e.g., 5G) systems.
[0072] Certain embodiments provide solutions for at least the following
scenarios:
1. Idle mode mability:
a. From bearer-less (e.g., 5G) network to bearer-based (e.g.,
LTE) network.
b. From bearer-based (e.g., LTE) network to bearer-less (e.g.,
5G) network
2. Connected Mode Handover
a. Network initiated handover from bearer-less (e.g.,, 5G) to
bearer-based (e.g., LTE)
b. Network initiated handover from bearer-based (e.g., LTE) to

bearer-less (e.g., 5G)
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c. UE initiated handover from bearer-less (e.g., 5G) to bearer-
based (e.g., LTE)
d. UE initiated handover from bearer-based (e.g., LTE) to bearer-
less (e.g., 5G)
[0073] It should aso be noted that a challenging aspect is the
mobility/handover from bearer-less (e.g., 5G) networks to bearer-based (e.g.,
LTE) networks, since this requires adaptability of the new system with the
legacy/target system; while there is more freedom for definition of the
procedure and necessary optimizations for mobility/handover from bearer-
based (e.g., LTE) to bearer-less (e.g., 5G) networks, since the target is anew
system.
[0074] One embodiment is directed to an architecture for interworking
between bearer-less and bearer-based networks. The following are some
assumptions for interworking, according to this embodiment:

* In this embodiment, the UE may register with the network and is
assigned an |P address without the need to create separate bearer
contexts.

* This embodiment can abide by the rules of the legacy networks
(i.e., should not require software upgrade of existing deployed
network elements or should aleast minimize required updates)

* In this embodiment, seamless service continuity can be offered
from user perspective (i.e.,, IP address preservation, satisfactory
user experience)

- Should not require the UE to perform a new attach for
every inter RAT mobility (connected mode HO and idle
mode mobility)

[0075] Fig. 2 illustrates an example interworking architecture, according
to an embodiment. While Fig. 2 illustrates an architecture for interworking
between 5G and LTE, it should be noted that embodiments of the invention
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are similarly applicable for interworking between other bearer-less networks
and bearer based networks. Asillustrated in Fig. 2, in this embodiment, it is
assumed that 5G networks (following abearer-less network model) and LTE
networks (following a bearer-based model) have a direct interface to enable
interworking between the 5G and L TE networks.

[0076] The LTE network architecture is well-known from 3GPP TS
23.401. The 5G architecture, as illustrated in the example of Fig. 2, may
include network elements such as a 5G access point (AP) 201, access control
server (ACS) 210, mobility gateway access router (M-GW/AR) 215,
mobility gateway edge router (M-GW/ER) 220. It should be noted that the
5G architecture model may follow general design principles known from
mobile networks like LTE (e.g., presence of a local and global mobility
anchor, concept for idle mode mobility).

[0077] The 5G AP(s) 201 serve the 5G radio capable UEs and they may
form awireless cluster with self-backhauled APs (sbAP as arelay node) and
a gateway AP (gwAP) with interface to an Ethernet fixed LAN. The 5G
wireless cluster may support Ethernet switching over the 5G radio interfaces.
[0078] The ACS 210 (or eMME) isthe network control entity in charge of
controlling user access to the network. It authenticates and authorizes users
and hosts, enforces policies for 5G QoS (e.g., DiffServ and QoS related
parameters), and performs location management.

[0079] The M-GW 215, 220 is an |IP router that is seen as the next hop
router (or default router) to the hosts connected to the 5G local area network.
M-GW/AR 215 is the access router while M-GW/ER 220 acts as an edge
router that connects to external networks.

[0080] Some additional functional requirements that may be needed for
interworking include: the UE needs to support both 5G and LTE radio
technologies, M-GW/AR 215 acts as an S-GW and M-GW/ER 220 acts as a
P-GW when it interworks with LTE, M-GW/AR 215 and M-GW/ER 220
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may support generic routing encapsulation (GRE) tunneling protocol (or
other tunneling protocols) in order to support L2 tunneling of Ethernet
packets within 5G networks. In order to support interworking with LTE
networks, M-GW/AR 215 and M-GW/ER 220 may need to also support
general packet radio service (GPRS) tunnelling protocol (GTP). In an
embodiment, ACS 210 (evolved MME) in the 5G architecture acts like an
MME/SGSN towards the LTE network. It is able to provide the user's
context information to the 5G network as required by the LTE network.
According to an embodiment, a new trigger may be introduced for the UE to
perform tracking area update (TAU) with "active flag" and provide bearer
context information element (IE). UE can have the ability to check if IP
connectivity is provided without bearers and may be able to simulate the
presence of bearer contexts when it moves to aL TE network.

[0081] The need to interwork with a LTE network may result in the
addition of three new reference points. Asillustrated in the example of Fig.
2, these reference points include: 1) MME to ACS (Gl); 2) M-GW/ER to S-
GW (G2); and 3) M-GW/AR to P-GW (G3).

[0082] One embodiment includes a procedure for idle mode mobility, for
example from a 5G network to a LTE network. This embodiment will be
explained with the following example. In this example, the UE wants to use
operator offered services using IMS. In LTE, it has to use IMS-APN, QCI =
5 default bearer for signalling and QCI = 1 dedicated bearer for voice.

[0083] The UE registers in the 5G network to obtain operator services,
such as IMS and internet access. Asin LTE, the UE can indicate its wish to
use IMS services by providing a special APN or a FQDN to the network.
The UE is assigned IP addresses (possibly one for IMS access and another
one for Internet access) but no bearer context exists in case of 5G access.
GRE or MIP tunnel is established between 5GAP, M-GW/AR and M-
GWI/ER for routing the user plane packets and provide mobility support. The
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user plane packets are routed from UE to 5GAP to M-GW/AR to M-GW/ER
to IMS/Internet.

[0084] Fig. 3 illustrates an example signalling diagram to accomplish the
interworking and idle mode mobility, for example from 5G network to LTE
network, according to one embodiment. First, the UE may detect that it is
moving from a 5G network to LTE network. The UE checks if it has avalid
IP address that was previously allocated by the network, but no bearer
context exists in case of 5G access. Then, the UE may initiate TAU in order
to register with the E-UTRAN network and simulates the bearers by setting
the bearer context information within TAU message to show that the UE
supports 2 bearers (i.e., setting EBI 5= 1within EPS bearer context). It may
also include the "active flag" within TAU in order to ensure appropriate
radio bearers and Sl bearers are established in order to receive operator
offered servicesusing IMS.

[0085] In this embodiment, during TAU procedure, the target MME
initiates context request to obtain UE context information from the source
ACS/eMME. Next, the source ACS/'eMME may provide connection/context
information to the target MME to ensure necessary bearers are established
for the UE to obtain IMS and Internet (or any other) services. In case of idle
mode mobility, ongoing data flows do not exist and ACS may request just
the establishment of IMS and Internet PDN connections with the necessary
bearers and QoS. This request can be based on services potentially used by
the UE (known to the network by usage of an APN, UE's IP addresses that is
specific to a certain PDN, subscribed services in HSS/AAA, or any other
appropriate information). Required EPC QoS parameters can be retrieved
from HSS or localy configured in ACSeMME (eqg., map 5G QoS
parameters like specific DiffServ code point (DSCP) values, other 5G QoS
priority related values to EPC QoS parameters like QoS class identifier
(QCl)/dlocation and retention priority (ARP)). The source ACSeMME
may obtain tunnel endpoint identifier (TEID) information from M-GW/AR
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and M-GW/ER and provide it within the context response to target MME in
order to establish GTP tunnels in the LTE network. The MME decides
whether S-GW relocation is needed. If SSGW relocation is needed, then it
establishes necessary GTP tunnels between eNB, new S-GW and old M-
GWI/ER. Otherwise, it establishes necessary GTP tunnels between eNB, old
M-GW/AR and old M-GW/ER.
[0086] The following are possible alternatives for user plane
establishment after idle mode mobility:

1. IP address for the UE remains the same and user plane is terminated
at the M-GW/ER (old anchor point). Also, user plane goes through
M-GWI/AR in the 5G network. UP after mobility: eNB -> M-GW/AR
-> M-GWI/ER.

2. |P address for the UE remains the same and user plane is terminated
a the M-GW/ER (old anchor point). User plane relocated from M-
GWI/AR in the 5G network to S-GW in the LTE network. UP after
mobility: eNB -> SSGW -> M-GW/ER.

Fig. 3illustrates an example according to option 2.

[0087] Another embodiment includes a procedure for idle mode mobility,
for example from aLTE network to a 5G network. This embodiment will be
explained with the following example. In this example, the UE wants to use
operator offered services using IMS. In LTE, the UE uses IMS-APN, QCI 5
default bearer for signalling and QCI 1 dedicated bearer for voice.

[0088] In this example, the UE is registered in a LTE network and is
assigned an IP address. The UE is connected to IMS APN and has 2 bearers
- QCI 5 default bearer for IMS signaling, QCI 1 dedicated bearer for voice.
User plane for the UE isrouted from UE to eNB to S-GW to P-GW to IMS
network.

[0089] According to this embodiment, if the UE moves from a LTE
network to a 5G network during idle mode, the UE can perform either initial

attach to obtain IP connectivity from the 5G network or it can perform TAU
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procedure to perform registration with the 5G network during idle mode
mobility. When the UE performs initia attach or TAU to obtain IP
connectivity from the 5G network, it can provide necessary QoS information
(so called UE requested QoS information) during this procedure. The target
ACS/eMME may obtain context information from source MME. The source
MME may provide bearer context information (APN, bearer level QoS).
Service flows in the different bearers are treated differently in 5G (e.g., via
different DSCP marking), this can be achieved, if ACSeMME has a
mapping table from bearer QCI to DiffServ code point (DSCP) values or
retrieves this information from the HSS and informs the SGW or M-
GW/AR of the mapping. The target network decides whether S-GW
relocation is necessary. P-GWSs are not changed. Target network establishes
necessary GTP tunnels towards the P-GW.

[0090] In an embodiment, the UE can also indicate the type of service
requested by including the service name (e.g., APN, FQDN, service URL).
The network can use this information to choose the appropriate M-GW/ER
to establish the session. Also, network can decide whether user plane anchor
should be moved from P-GW to M-GW/ER (this is only possible in idle
mode). The user plane can be relocated from S-GW in LTE to M-GW/AR in
the 5G network.

[0091] Another embodiment is directed to a procedure for connected
mode handover, for example from a 5G to a LTE network. In principle,
connected mode handover can be initiated either by the UE or the network.
[0092] First, an example of network initiated handover is provided,
according to one embodiment. In this example, the UE wants to use operator
offered services using IMS. In LTE, the UE uses IMS-APN, QCI = 5 default
bearer for signalling and QCI = 1dedicated bearer for voice.

[0093] The UE registers in the 5G network to obtain operator services and
internet access. Asin LTE, the UE can indicate its wish to use IMS services

by providing a special APN or FQDN to the network. The UE is assigned an
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|P address but no bearer context. GRE or MIP tunnel is established between
5GAP, M-GW/AR and M-GW/ER for routing the user plane. The user plane
for the UE is routed from UE to 5GAP to M-GW/AR to M-GW/ER to IMS
network.

[0094] Fig. 4 illustrates an example signalling diagram for interworking
and network initiated connected mode handover preparation, for example
from 5G to LTE, according to an embodiment. E-UTRAN SI handover
procedure (with MME relocation) is performed as defined in 3GPP TS
23.401 with the following additions/modifications during connected mode
handover from 5G network to LTE network.

[0095] During handover preparation phase, based on UE mobility, current
location, measurement and other parameters, 5GAP determines that
handover isrequired to another RAT and informs ACS'eMME that handover
isrequired. Based on the target eNB indicator, ACS/IeMME detects that inter
RAT handover is required. If the target eNB is not being served by the
ACS/eMME, it may determine the target MME that controls the eNB,
initiate the handover and provide necessary information about the service
flows. The source ACS'eMME maps 5G QoS parameters from the different
service flows (e.g., based on all or a subset [highest priority ones] of used
DSCP values retrieved from the M-GW/ER or M-GW/AR; the mapping of
DSCP values to EPC bearers might be 1-1 or n-1; these DSCP values will
for example include the DSCP marking for IMS dedicated bearers for
signalling and voice, it could also be based on other QoS priority indicators
defined for 5G) to EPS bearer level QoS (QCI, ARP, etc.), determines APN
to be used in LTE network based on the anchor GW/UE IP address and
provides APN information within EPS PDN connections in the forward
relocation request to ensure that the target network establishes appropriate
bearers (e.g., IMS APN, QCI 5, QCI 1 bearers for the sample scenario) for
the UE. The target network may decide whether M-GW/AR needs to be
relocated to S-GW in the LTE network and based on that decision and QoS,
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APN information, target MME prepares for the HO by setting up necessary
GTP tunnels for the UE. The source ACSeMME may prepare for data
forwarding from source to target to ensure data integrity and may create a
tunnel to perform data forwarding and informs the 5GAP that handover can
be triggered with HO command. The UE may execute the handover by
sending a handover indication to the eNB and a TAU to the MME.
[0096] During handover execution phase, the target MME may confirm
the establishment of bearers towards the source ACSeMME and may
deactivate the tunnel established for data forwarding. The source
ACS/eMME may use this trigger to deactivate the GRE tunnel(s) that were
established in 5G network for the UE.
[0097] The following are the possible aternatives for user plane
establishment after connected mode handover:
1. IP address for the UE remains the same and user plane is terminated
a the M-GW/ER (old anchor point). UP after mobility: eNB -> M-
GW/AR -> M-GW/ER.
2. |P address for the UE remains the same and user plane is terminated
a the M-GW/ER (old anchor point). User plane relocated from M-
GWI/AR in the 5G network to S-GW in the LTE network. UP after
mobility: eNB -> SSGW -> M-GW/ER.
Fig. 4 illustrates an example according to option 2.
[0098] An example of UE initiated handover is provided, according to an
embodiment. The UE may try to move towards E-UTRAN network directly.
In this case, the handover preparation phase may be skipped. The procedure
for connected mode handover from a 5G network towards a LTE network
may be similar to the procedure that occurs when RRC redirection is
performed from 2G/3G network towards LTE network. In an embodiment,
as an example of UE initiated handover, the UE wants to use operator
offered services using IMS. In LTE, the UE uses IMS-APN, QCI 5 default
bearer for signalling and QCI 1dedicated bearer for voice.



WO 2015/160329 PCT/US2014/034134

27

[0099] In this example, the UE registers in the 5G network to obtain
operator services and internet access. The UE is assigned an | P addresses but
no bearer context. GRE or MIP tunnel is established between 5GAP, M-
GW/AR and M-GWI/ER for routing user plane. The user plane for the UE is
routed from UE to 5GAP to M-GW/AR to M-GW/ER to IMS network.

[00100]  In this embodiment, the UE may detect that it is moving from a
5G network to aLTE network. The UE may check if it has avalid IP address
that was previously allocated by the network but no bearer context exists.
The UE may then initiate a TAU in order to register with the E-UTRAN
network and simulates the bearers by setting the bearer context information
within TAU message to show that the UE supports 2 bearers (i.e., setting
EBI 5= 1within EPS bearer context). It may aso include the "active flag"
within TAU in order to ensure appropriate radio bearers and Sl bearers are
established in order to receive operator offered services using IMS. During
the TAU procedure, the target MME may initiate a context request to obtain
UE context information from the source ACSeMME. The source
ACS,eMME may provide context information (bearer level QoS, APN)
information within EPS PDN connections to ensure necessary bearers are
established for the UE to obtain IMS and internet services (i.e. QCI=1,
QCI=5 bearers in our example). The 5G network may map the 5G QoS
parameters (e.g., used DSCP packet marking values, other used QoS priority
indicators defined for 5G) to EPC QoS parameters (i.e., mapped QoS).
Mapping can be performed by ACSeMME based on subscription
information retrieved from the HSS or based on locally configured mapping
tables. In addition, source ACS/leMME may obtain TEID information from
M-GW/AR and M-GW/ER and provide it within the context response to the
target MME in order to establish GTP tunnels in the LTE network. The
MME may decide whether S-GW relocation is needed. If SSGW relocation is
needed, then it may establish necessary GTP tunnels between eNB, S-GW
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and M-GW/ER. Otherwise, it may establish necessary GTP tunnels between
eNB, M-GW/AR and M-GW/ER.

[00101] Another embodiment is directed to connected mode handover, for
example from aLTE to a 5G network. A first aspect is directed to network
initiated handover, which will be explained in connection with the following
example. In this example, the UE wants to use operator offered services
using IMS. In LTE, the UE uses IMS-APN, QCI 5 default bearer for
signalling and QCI 1 dedicated bearer for voice.

[00102] In this example embodiment, the UE is registered in a LTE
network and is assigned an IP address. The UE is connected to IMS APN
and has 2 bearers - QCI 5 default bearer for IMS signaling, QCI 1 dedicated
bearer for voice. The user plane for the UE is routed from the UE to eNB to
S-GW to P-GW to IMS network.

[00103] Fig. 5illustrates an example signalling diagram for interworking
and network initiated connected mode handover execution from aLTE to a
5G network, according to an embodiment. According to this embodiment,
based on UE mohility, current location, measurement and other parameters,
the LTE eNB may determine that handover is required to another RAT and
informs the new ACS/eMME that handover is required. Based on the target
5GAP indicator, the MME may detect that inter RAT handover is required.
If the target 5GAP is not being served by the MME, the source MME
determines the target ACS/IeMME that controls the 5GAP and initiates the
handover and provides necessary bearer context information in the forward
relocation request. The target ACS/eMME prepares for the HO by setting up
a GRE tunnel (or if needed, several tunnels to potentially different gateways)
for the UE. This tunnel is used to route IP packets to and from the UE. It
may also prepare for data forwarding from the source to the target system to
ensure data integrity. QoS classification for ongoing service data flows is
provided in the M-GW/ER directly (e.g., using deep packet inspection
(DPI) or QCI values retrieved from LTE are mapped to DSCP values by
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ACS/eMME and provided to M-GW/AR or M-GW/ER. M-GW/ER can use
the packet filters that may be assigned to the different existing LTE bearers
to set the correct DSCP values for the different service data flows. The
source MME may create atunnel to perform data forwarding and informs the
LTE eNB that handover can be triggered with HO command. The UE may
execute the handover by sending ahandover indication to 5GAP and TAU to
target ACSleMME. During the handover execution phase, the target
ACS/eMME may confirm the establishment of bearers towards the source
MME and deactivate the (GRE, MIP, GTP, etc.) tunnel established for data
forwarding. The source MME may use this trigger to deactivate the GTP
tunnel(s) that were established in the LTE network for the UE. The
following are two possibilities for the target UP path after handover: 1)
5GAP->M-GW/AR->P-GW/ER; 2) 5GAP->S-GW -> P-GW/ER.

[00104] Another aspect is directed to UE initiated handover. The
procedure for handover according to this embodiment is explained in
connection with the following example. In this example, the UE wants to
use operator offered services using IMS. In LTE, the UE uses IMS-APN,
QCI 5 default bearer for signalling and QCI 1 dedicated bearer for voice.
Again, in this embodiment, the UE is registered in a LTE network and is
assigned an |P address. The UE is connected to IMS APN and has 2 bearers
- QCI 5 default bearer for IMS signaling, QCI 1 dedicated bearer for voice.
The user plane for the UE is routed from UE to eNB to S-GW to P-GW to
IMS network.

[00105] According to this embodiment, in the connected mode, the UE
may try to move towards 5G network directly. In this case, the handover
preparation phase may be skipped. During the handover execution phase,
5GAP instructs the UE regarding handover and UE may provide information
regarding the source network (e.g., source eNB ID, source MMEID). The
UE can derive source MMEID (GUMMEI) from the GUTI assigned by the

source MME and provide this to the target network. 5GAP can use source
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eNB information to obtain UE context information from the source eNB
(just like in case of X2 handover). 5GAP can also use this information to
route the UE to the appropriate ACS'eMME. If UE context information is
not provided by the 5GAP, target ACS'eMME can use the source MME
information provided by the UE to obtain UE context from the source MME.
UE context information should include bearer context information including
QoS, APN used for the PDN connectivity in LTE network. Based on this
information, target ACS'eMME can choose the appropriate M-GW/AR and
establish the session for the UE. The following are two possibilities for the
target UP path after handover: 1) 5GAP->M-GW/AR->P-GW/ER; 2) 5GAP-
>S-GW -> P-GW/ER.
[00106] Fig. 6aillustrates an example of an apparatus 10 according to an
embodiment. In an embodiment, apparatus 10 may be anode, host, or server
in a communications network or serving such a network. In one
embodiment, apparatus 10 may be a node in a bearer-less network, such as
an ACS/leMME in a 5G network. It should be noted that one of ordinary skill
in the art would understand that apparatus 10 may include components or
features not shown in Fig. 6a
[00107] Asillustrated in Fig. 6a, apparatus 10 includes a processor 22 for
processing information and executing instructions or operations. Processor
22 may be any type of general or specific purpose processor. While a single
processor 22 is shown in Fig. 6a, multiple processors may be utilized
according to other embodiments. In fact, processor 22 may include one or
more of genera-purpose computers, specia purpose computers,
microprocessors, digital signal processors (DSPs), field-programmable gate
arrays (FPGASs), application-specific integrated circuits (ASICs), and
processors based on amulti-core processor architecture, as examples.
[00108] Apparatus 10 may further include or be coupled to a memory 14
(interna or external), which may be coupled to processor 22, for storing
information and instructions that may be executed by processor 22. Memory
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14 may be one or more memories and of any type suitable to the local
application environment, and may be implemented using any suitable
volatile or nonvolatile data storage technology such as a semiconductor-
based memory device, a magnetic memory device and system, an optical
memory device and system, fixed memory, and removable memory. For
example, memory 14 can be comprised of any combination of random access
memory (RAM), read only memory (ROM), static storage such as a
magnetic or optical disk, or any other type of non-transitory machine or
computer readable media. The instructions stored in memory 14 may
include program instructions or computer program code that, when executed
by processor 22, enable the apparatus 10 to perform tasks as described
herein.
[00109] Apparatus 10 may aso include or be coupled to one or more
antennas 25 for transmitting and receiving signals and/or data to and from
apparatus 10. Apparatus 10 may further include or be coupled to a
transceiver 28 configured to transmit and receive information. For instance,
transceiver 28 may be configured to modulate information on to a carrier
waveform for transmission by the antenna(s) 25 and demodulate information
received via the antenna(s) 25 for further processing by other elements of
apparatus 10. In other embodiments, transceiver 28 may be capable of
transmitting and receiving signals or data directly.
[00110] Processor 22 may perform functions associated with the operation
of apparatus 10 which may include, for example, precoding of antenna
gain/phase parameters, encoding and decoding of individual bits forming a
communication message, formatting of information, and overall control of
the apparatus 10, including processes related to management of
communication resources.
[00111] In an embodiment, memory 14 may store software modules that
provide functionality when executed by processor 22. The modules may
include, for example, an operating system that provides operating system
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functionality for apparatus 10. The memory may also store one or more
functional modules, such as an application or program, to provide additional
functionality for apparatus 10. The components of apparatus 10 may be
implemented in hardware, or as any suitable combination of hardware and
software.

[00112] In one embodiment, as mentioned above, apparatus 10 may be a
node in a bearer-less network, such as an ACSeMME in a 5G network.
According to an embodiment, apparatus 10 may be controlled by memory 14
and processor 22 to receive a context request to obtain user equipment
context information for a user equipment moving from the bearer-less
network to the bearer-based network. Apparatus 10 may be further
controlled by memory 14 and processor 22 to provide a context response
comprising the context information to a network entity in the bearer-based
network. The context information may be used to establish bearers for the
user equipment to obtain internet protocol (IP) multimedia subsystem (IMS)
services.

[00113] In this embodiment, apparatus 10 may be further controlled by
memory 14 and processor 22 to request establishment of IMS and internet
PDN connection with the bearers and QoS parameters. The request may be
based on services potentially used by the user equipment. Apparatus 10 may
be further controlled by memory 14 and processor 22 to obtain TEID
information and provide the TEID information within the context response
to the network entity in the bearer-based network in order to establish GTP
tunnels in the bearer-based network.

[00114] In another embodiment, apparatus 10 may be controlled by
memory 14 and processor 22 to receive an initial attach or TAU request from
a user equipment moving from a bearer-based network to a bearer-less
network, to obtain bearer context information from an entity (e.g., MME) of
the bearer-based network, to retrieve a mapping of bearer QCI to 5G QoS
parameters (e.g., DSCP values, QoS priority related values), and to inform a
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gateway in the bearer-less network of the mapping. In this embodiment,
apparatus 10 may be further controlled by memory 14 and processor 22 to
determine whether SGW relocation is necessary and establish GTP tunnels
towards a packet data network gateway (PGW) of the bearer-less network.
Apparatus 10 may aso be controlled by memory 14 and processor 22 to
select an appropriate MGW to establish a session for the user equipment
based, for example, on an indication of atype of service requested from the
user equipment.

[00115] In another embodiment, apparatus 10 may be controlled by
memory 14 and processor 22 to initiate handover of auser equipment from a
bearer-less network to a bearer-based network, to map QoS parameters from
different service flows of the bearer-less network to EPS bearer level QoS of
the bearer-based network, to determine an APN to be used in the bearer-
based network, to provide APN information within EPS PDN connections in
a relocation request forwarded to the bearer-based network to establish
appropriate bearers for the user equipment, and to send ahandover command
to the user equipment to trigger handover to the bearer-based network. In
this embodiment, apparatus 10 may be further controlled by memory 14 and
processor 22 to create atunnel to perform data forwarding from the bearer-
less to the bearer-based network. Apparatus 10 may also be controlled by
memory 14 and processor 22 to de-activate tunnels that were established in
the bearer-less network for the user equipment in response to a de-activation
by the bearer-based network of the tunnel created for data forwarding.
[00116] In another embodiment, apparatus 10 may be controlled by
memory 14 and processor 22 to receive an indication that handover of auser
equipment from a bearer-based network to a bearer-less network is required,
to prepare for the handover by setting up at least one generic routing
encapsulation (GRE) tunnel for the user equipment, to map QCI  values
retrieved from the bearer-based network to 5G QoS parameters (e.g., DSCP
values, QoS priority related values) and provide the mapping to a gateway in
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the bearer-less network, to receive a TAU message from the user equipment
executing handover, and to confirm establishment of bearers to the bearer-
based network and de-activate tunnel(s) established for data forwarding.
[00117] In another embodiment, apparatus 10 may be controlled by
memory 14 and processor 22 to receive information about an evolved node B
(eNB) and mobility management entity (MME) of a bearer-based network.
The information may include the eNB ID and/or MMEID, and may be
received from a user equipment moving from the bearer-based network to a
bearer-less network. Apparatus 10 may then be controlled by memory 14 and
processor 22 to use the information to obtain user equipment context
information from the eNB, and to route the user equipment to an appropriate
access control server. The user equipment context information may include,
for example, bearer context information comprising quality of service (QoS)
parameters and access point name (APN) used for packet data network
connectivity in the bearer-based network.

[00118] Fig. 6b illustrates an example of an apparatus 20 according to an
embodiment. In an embodiment, apparatus 20 may be anode, host, or server
in a communications network or serving such a network. In one example,
apparatus 20 may be a MME in a bearer-based network, such as LTE. It
should be noted that one of ordinary skill in the art would understand that
apparatus 20 may include components or features not shown in Fig. 6b.
[00119] Asillustrated in Fig. 6b, apparatus 20 includes a processor 32 for
processing information and executing instructions or operations. Processor
32 may be any type of general or specific purpose processor. While a single
processor 32 is shown in Fig. 6b, multiple processors may be utilized
according to other embodiments. In fact, processor 32 may include one or
more of genera-purpose computers, special purpose computers,
microprocessors, digital signal processors (DSPs), field-programmable gate
arrays (FPGASs), application-specific integrated circuits (ASICs), and

processors based on amulti-core processor architecture, as examples.
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[00120] Apparatus 20 may further include or be coupled to a memory 34

(internal or external), which may be coupled to processor 32, for storing
information and instructions that may be executed by processor 32. Memory
34 may be one or more memories and of any type suitable to the local
application environment, and may be implemented using any suitable
volatile or nonvolatile data storage technology such as a semiconductor-
based memory device, a magnetic memory device and system, an optical
memory device and system, fixed memory, and removable memory. For
example, memory 34 can be comprised of any combination of random access
memory (RAM), read only memory (ROM), static storage such as a
magnetic or optical disk, or any other type of non-transitory machine or
computer readable media. The instructions stored in memory 34 may
include program instructions or computer program code that, when executed
by processor 32, enable the apparatus 20 to perform tasks as described
herein.

[00121] Apparatus 20 may aso include or be coupled to one or more
antennas 35 for transmitting and receiving signals and/or data to and from
apparatus 20. Apparatus 20 may further include or be coupled to a
transceiver 38 configured to transmit and receive information. For instance,
transceiver 38 may be configured to modulate information on to a carrier
waveform for transmission by the antenna(s) 35 and demodulate information
received via the antenna(s) 35 for further processing by other elements of
apparatus 20. In other embodiments, transceiver 38 may be capable of
transmitting and receiving signals or data directly.

[00122] Processor 32 may perform functions associated with the operation
of apparatus 20 which may include, for example, precoding of antenna
gain/phase parameters, encoding and decoding of individual bits forming a
communication message, formatting of information, and overall control of
the apparatus 20, including processes related to management of

communication resources.
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[00123] In an embodiment, memory 34 may store software modules that
provide functionality when executed by processor 32. The modules may
include, for example, an operating system that provides operating system
functionality for apparatus 20. The memory may also store one or more
functional modules, such as an application or program, to provide additional
functionality for apparatus 20. The components of apparatus 20 may be
implemented in hardware, or as any suitable combination of hardware and
software.

[00124] In one embodiment, as mentioned above, apparatus 20 may be a
node, host, or server in a communications network or serving such a
network. In one example of this embodiment, apparatus 20 may be a MME
in LTE. According to one embodiment, apparatus 20 may be controlled by
memory 34 and processor 32 to receive a TAU to register with a bearer-
based network from auser equipment moving from a bearer-less network to
the bearer-based network, to initiate a context request to obtain context
information from a network entity in the bearer-less network, and to receive
the context information to establish bearers for the user equipment to obtain
internet protocol (IP) multimedia subsystem (IMS) services.

[00125] In this embodiment, apparatus 20 may be further controlled by
memory 34 and processor 32 to determine whether relocation of a SGW is
needed. When it is determined that the relocation is needed, apparatus 20
may be controlled to establish GTP tunnels between an eNB, SGW, and a
MGW/ER based on TEID information provided in the context information.
When it is determined that the relocation is not needed, apparatus 20 may be
controlled to establish GTP tunnels between the eNB, MGW/AR, and
MGWI/ER.

[00126] In another embodiment, apparatus 20 may be controlled by
memory 34 and processor 32 to receive arelocation request comprising APN
information for establishing appropriate bearers for a user equipment

handover from a bearer-less network to a bearer-based network, to prepare
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for the handover by setting up GTP tunnels for the user equipment based in
part on the received APN information, and to confirm establishment of the
appropriate bearers to the bearer-less network.
[00127] In another embodiment, apparatus 20 may be controlled by
memory 34 and processor 32 to detect that handover of a user equipment
from a bearer-based network to a bearer-less network is required, to
determine which entity in the bearer-less network controls an access point
that will serve the user equipment, to initiate handover and provide
bearer context information in arelocation request forwarded to the entity in
the bearer-less network, and to create a tunnel to perform data forwarding
and inform an eNB in the bearer-based network that handover can be
triggered with ahandover command. Apparatus 20 may also be controlled by
memory 34 and processor 32 to de-activate general packet radio
service (GPRS) tunnelling protocol (GTP) tunnels that were established in
the bearer-based network.
[00128] Fig. 6¢ illustrates an example of an apparatus 40 according to an
embodiment. In an embodiment, apparatus 40 may be a node, host, or server
in a communications network or serving such a network. In one example,
apparatus 40 may be auser equipment that supports both 5G and LTE radio
technologies. It should be noted that one of ordinary skill in the art would
understand that apparatus 40 may include components or features not shown
in Fig. 6c.
[00129] Asillustrated in Fig. 6c¢, apparatus 40 includes a processor 42 for
processing information and executing instructions or operations. Processor
42 may be any type of general or specific purpose processor. While a single
processor 42 is shown in Fig. 6¢c, multiple processors may be utilized
according to other embodiments. In fact, processor 42 may include one or
more of general-purpose computers, special purpose computers,

microprocessors, digital signal processors (DSPs), field-programmable gate
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arrays (FPGASs), application-specific integrated circuits (ASICs), and
processors based on amulti-core processor architecture, as examples.
[00130] Apparatus 40 may further include or be coupled to a memory
44 (internal or external), which may be coupled to processor 42, for storing
information and instructions that may be executed by processor 42. Memory
44 may be one or more memories and of any type suitable to the local
application environment, and may be implemented using any suitable
volatile or nonvolatile data storage technology such as a semiconductor-
based memory device, a magnetic memory device and system, an optical
memory device and system, fixed memory, and removable memory. For
example, memory 44 can be comprised of any combination of random access
memory (RAM), read only memory (ROM), static storage such as a
magnetic or optical disk, or any other type of non-transitory machine or
computer readable media. The instructions stored in memory 44 may
include program instructions or computer program code that, when executed
by processor 42, enable the apparatus 40 to perform tasks as described
herein.
[00131] Apparatus 40 may aso include or be coupled to one or more
antennas 45 for transmitting and receiving signals and/or data to and from
apparatus 40. Apparatus 40 may further include or be coupled to a
transceiver 48 configured to transmit and receive information. For instance,
transceiver 48 may be configured to modulate information on to a carrier
waveform for transmission by the antenna(s) 45 and demodulate information
received via the antenna(s) 45 for further processing by other elements of
apparatus 40. In other embodiments, transceiver 48 may be capable of
transmitting and receiving signals or data directly.
[00132] Processor 42 may perform functions associated with the operation
of apparatus 40 which may include, for example, precoding of antenna
gain/phase parameters, encoding and decoding of individual bits forming a
communication message, formatting of information, and overall control of
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the apparatus 40, including processes related to management of
communication resources.
[00133]  In an embodiment, memory 44 may store software modules that
provide functionality when executed by processor 42. The modules may
include, for example, an operating system that provides operating system
functionality for apparatus 40. The memory may also store one or more
functional modules, such as an application or program, to provide additional
functionality for apparatus 40. The components of apparatus 40 may be
implemented in hardware, or as any suitable combination of hardware and
software.
[0100] In one embodiment, as mentioned above, apparatus 40 may be a
node, host, or server in a communications network or serving such a
network. In this embodiment, apparatus 40 may be a user equipment.
According to one embodiment, apparatus 40 may be controlled by memory
44 and processor 42 to detect that the apparatus is moving from a bearer-less
network to abearer-based network, and to initiate a TAU message to
register with the bearer-based network and simulate bearers by setting bearer
context information within the TAU message to show that the apparatus
supports two bearers. Apparatus 40 may also be controlled by memory 44
and processor 42 to include an active flag within the TAU message to ensure
appropriate radio bearers and S| bearers are established in order to receive
operator offered servicesusing IMS.
[0101] In another embodiment, apparatus 40 may be controlled by memory
44 and processor 42 to detect that the apparatus is moving from a bearer-
based network to a bearer-less network, to perform initial attach to obtain IP
connectivity from the bearer-less network or performing a TAU procedure to
perform registration with the bearer-less network, and, when performing the
initial attach or the TAU procedure, to provide QoS information to the
bearer-less network. Apparatus 40 may also be controlled by memory 44 and

processor 42 to indicate a type of service requested from the bearer-less
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network by including a service name with the initial attach or TAU
procedure.
[0102] In another embodiment, apparatus 40 may be controlled by memory
44 and processor 42 to detect that the apparatus is moving from a bearer-
based network to a bearer-less network, to provide, to an access point in the
bearer-less network, information about an eNB and MME of the bearer-based
network, and to execute handover from the bearer-based network to the
bearer-less network. The information about the eNB and MME may include,
for example, the eNB ID and/or the MMEID.
[0103] Fig. 7aillustrates an example flow diagram of a method, according
to one embodiment. In one example, the method of Fig. 7a may be
performed by a network entity in a bearer-less network, such as an
ACS/eMME in a 5G system. In an embodiment, the method may include, at
300, recelving a context request to obtain user equipment context
information for a user equipment moving from the bearer-less network to a
bearer-based network. The method may further include, at 310, providing a
context response comprising the context information to a network entity in
the bearer-based network, where the context information is used to establish
bearers for the user equipment to obtain internet protocol (IP) multimedia
subsystem (IMS) services. The method may also include, at 320, requesting
establishment of IMS and internet PDN connection with the bearers and QoS
parameters. The request may be based on services potentially used by the
user equipment. The method may aso include, at 330, obtaining TEID
information and providing the TEID information within the context response
to the network entity in the bearer-based network in order to establish GTP
tunnels in the bearer-based network.
[0104] Fig. 7b illustrates an example flow diagram of a method, according
to one embodiment. In one example, the method of Fig. 7b may be
performed by a network entity in a bearer-less network, such as an

ACS/eMME in a 5G system. In an embodiment, the method may include, at



WO 2015/160329 PCT/US2014/034134

41

340, recelving an initial attach or TAU request from a user equipment
moving from a bearer-based network to a bearer-less network. The method
may also include, at 350, obtaining bearer context information from an entity
(e.9., MME) of the bearer-based network, and, at 360, retrieving a mapping
of bearer QCl to 5G QoS parameters (e.g., DSCP values, QoS priority
related parameters). The method may aso include, at 370, informing a
gateway in the bearer-less network of the mapping. In an embodiment, the
method may also include, at 380, determining whether SGW relocation is
necessary and establish GTP tunnels towards a packet data network gateway
(PGW) of the bearer-less network. The method may aso include, at 390,
selecting an appropriate MGW to establish a session for the user equipment
based, for example, on an indication of atype of service requested from the
user equipment.

[0105] Fig. 7c illustrates an example flow diagram of a method, according
to one embodiment. In one example, the method of Fig. 7c may be
performed by a network entity in a bearer-less network, such as an
ACS/eMME in a5G system. In an embodiment, the method may include, at
400, initiating handover of auser equipment from abearer-less network to a
bearer-based network, and, at 410, mapping QoS parameters from different
service flows of the bearer-less network to EPS bearer level QoS of the
bearer-based network. The method may also include, at 420, determining an
APN to be used in the bearer-based network, and, at 430, providing APN
information within EPS PDN connections in arelocation request forwarded
to the bearer-based network to establish appropriate bearers for the user
equipment. The method may aso include, at 440, sending a handover
command to the user equipment to trigger handover to the bearer-based
network. In an embodiment, the method may include, at 450, creating a
tunnel to perform data forwarding from the bearer-less to the bearer-based
network. The method may aso include, at 460, de-activating tunnels that

were established in the bearer-less network for the user equipment in
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response to a de-activation by the bearer-based network of the tunnel created
for data forwarding.

[0106] Fig. 7d illustrates an example flow diagram of a method, according
to one embodiment. In one example, the method of Fig. 7d may be
performed by a network entity in a bearer-less network, such as an
ACS/eMME in a5G system. In an embodiment, the method may include, at
470, receiving an indication that handover of a user equipment from a
bearer-based network to a bearer-less network is required, and, at 480,
preparing for the handover by setting up at least one generic routing
encapsulation (GRE) tunnel for the user equipment. The method may also
include, at 490, mapping QCI values retrieved from the bearer-based
network to 5G QoS parameters (e.g., DSCP values, QoS priority related
parameters) and providing the mapping to a gateway in the bearer-less
network. The method may also include, at 495, receiving a TAU message
from the user equipment executing handover, and, a 499, confirming
establishment of bearers to the bearer-based network and de-activate
tunnel(s) established for data forwarding.

[0107] Fig. 7e illustrates an example flow diagram of a method, according
to one embodiment. In one example, the method of Fig. 7e may be
performed by a network entity in a bearer-less network, such as a 5GAP or
ACS/eMME in a5G system. In an embodiment, the method may include, at
500, receiving information about an evolved node B (eNB) and mobility
management entity (MME) of abearer-based network. The information may
include the eNB ID and/or MMEID, and may be received from a user
equipment moving from the bearer-based network to a bearer-less network.
The method may aso include, at 510, using the information to obtain user
equipment context information from the eNB, and, at 520, routing the user
equipment to an appropriate access control server. The user equipment
context information may include, for example, bearer context information

comprising quality of service (Qo0S) parameters and access point name
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(APN) used for packet data network connectivity in the bearer-based
network.
[0108] Fig. 8aillustrates an example flow diagram of a method, according
to one embodiment. In one example, the method of Fig. 8a may be
performed by a network entity in abearer-based network, such asa MME in
aLTE system. In an embodiment, the method may include, at 600, receiving
a TAU to register with a bearer-based network from a user equipment
moving from abearer-less network to the bearer-based network. The method
may aso include, at 610, initiating a context request to obtain context
information from a network entity in the bearer-less network, and, at 620,
receiving the context information to establish bearers for the user equipment
to obtain IMS services. In some embodiments, the method may further
include determining whether relocation of a SGW is needed. When it is
determined that the relocation is needed, the method may include
establishing GTP tunnels between an eNB, SGW, and a MGW/ER based on
TEID information provided in the context information. When it is
determined that the relocation is not needed, the method may include
establishing GTP tunnels between the eNB, MGW/AR, and MGW/ER.
[0109] Fig. 8b illustrates an example flow diagram of a method, according
to one embodiment. In one example, the method of Fig. 8b may be
performed by a network entity in abearer-based network, such asa MME in
aLTE system. In an embodiment, the method may include, at 630, receiving
a relocation request comprising APN information for establishing
appropriate bearers for a user equipment handover from a bearer-less
network to a bearer-based network. The method may then include, at 640,
preparing for the handover by setting up GTP tunnels for the user equipment
based in part on the received APN information, and, at 650, confirming
establishment of the appropriate bearers to the bearer-less network.
[0110] Fig. 8c illustrates an example flow diagram of a method, according

to one embodiment. In one example, the method of Fig. 8c may be
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performed by a network entity in abearer-based network, such asa MME in
aLTE system. In an embodiment, the method may include, at 660, detecting
that handover of a user equipment from a bearer-based network to a bearer-
less network isrequired, and, at 670, determining which entity in the bearer-
less network controls an access point that will serve the user equipment. The
method may aso include, at 680, initiating handover and providing bearer
context information in a relocation request forwarded to the entity in the
bearer-less network, and, at 690, creating a tunnel to perform data
forwarding and inform an eNB in the bearer-based network that handover
can be triggered with a handover command. The method may also include
de-activating general packet radio service (GPRS) tunnelling protocol (GTP)
tunnels that were established in the bearer-based network.

[0111] In some embodiments, the functionality of any of the methods
described herein may be implemented by software and/or computer program
code stored in memory or other computer readable or tangible media, and
executed by a processor. In other embodiments, the functionality may be
performed by hardware, for example through the use of an application
specific integrated circuit (ASIC), aprogrammable gate array (PGA), afield
progranmable gate array (FPGA), or any other combination of hardware and
software.

[0112] One having ordinary skill in the art will readily understand that the
invention as discussed above may be practiced with steps in a different
order, and/or with hardware elements in configurations which are different
than those which are disclosed. Therefore, although the invention has been
described based upon these preferred embodiments, it would be apparent to
those of skill in the art that certain modifications, variations, and alternative
constructions would be apparent, while remaining within the spirit and scope
of the invention. In order to determine the metes and bounds of the

invention, therefore, reference should be made to the appended claims.
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WE CLAIM:

1. A method, comprising:

receiving, by a network entity in a bearer-less network, a context
request to obtain user equipment context information for a user equipment
moving from the bearer-less network to abearer-based network;

providing a context response comprising the context information to a
network entity in the bearer-based network, the context information used to
establish bearers for the user equipment to obtain internet protocol (IP) based

services.

2. The method according to clam 1, wherein the network entity in the

bearer-less network comprises an access control server.

3. The method according to claims 1 or 2, wherein the network entity in the

bearer-based network comprises amobility management entity.

4. The method according to any one of claims 1-3, further comprising
requesting establishment of packet data network (PDN) connections with the
bearers and quality of service (QoS) parameters, wherein the requesting is

based on services potentially used by the user equipment.

5. The method according to any one of claims 1-4, further comprising
obtaining tunnel endpoint identifier (TEID) information and providing the
tunnel endpoint identifier (TEID) information within the context response to
the network entity in the bearer-based network in order to establish genera
packet radio service (GPRS) tunnelling protocol (GTP) tunnels in the bearer-
based network.

6. The method according to any one of claims 1-5, wherein the user
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equipment isin idle mode.

7. The method according to any one of clams 1-5, wherein the user

equipment isin connected mode.

8. The method according to any one of claims 1-7, wherein the bearer-less

network comprises a 5" generation wireless network (5G).

9. The method according to any one of claims 1-7, wherein the bearer-based
network comprises along term evolution (LTE) network.

10. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

receive a context request to obtain user equipment context
information for a user equipment moving from a bearer-less network to a
bearer-based network;

provide a context response comprising the context information to a
network entity in the bearer-based network, the context information used to
establish bearers for the user equipment to obtain internet protocol (IP) based

services.

11. The apparatus according to claim 10, wherein the apparatus comprises an

access control server.

12. The apparatus according to claims 10 or 11, wherein the network entity

in the bearer-based network comprises amobility management entity.
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13. The apparatus according to any one of claims 10-12, wherein the at least
one memory and the computer program code are further configured, with the
at least one processor, to cause the apparatus at least to request establishment
of internet packet data network (PDN) connections with the bearers and
quality of service (QoS) parameters, wherein the request isbased on services

potentially used by the user equipment.

14. The apparatus according to any one of claims 10-13, wherein the at least
one memory and the computer program code are further configured, with the
a least one processor, to cause the apparatus at least to obtain tunnel
endpoint identifier (TEID) information and provide the tunnel endpoint
identifier (TEID) information within the context response to the network
entity in the bearer-based network in order to establish general packet radio
service (GPRS) tunnelling protocol (GTP) tunnels in the bearer-based

network.

15. The apparatus according to any one of clams 10-14, wherein the user

equipment isin idle mode.

16. The apparatus according to any one of clams 10-14, wherein the user

equipment isin connected mode.

17. The apparatus according to any one of claims 10-16, wherein the bearer-

less network comprises a 5™ generation wireless network (5G).

18. The apparatus according to any one of claims 10-16, wherein the bearer-

based network comprises along term evolution (LTE) network.

19. A method, comprising:

receiving, by a network entity in a bearer-based network, a tracking
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area update (TAU) to register with the bearer-based network, the tracking
area update (TAU) being received from a user equipment moving from a
bearer-less network to the bearer-based network;
initiating a context request to obtain context information from a
network entity in the bearer-less network; and
receiving the context information to establish bearers for the user

equipment to obtain internet protocol (IP) based services.

20. The method according to clam 19, wherein the network entity in the

bearer-less network comprises an access control server.

21. The method according to claims 19 or 20, wherein the network entity in

the bearer-based network comprises a mobility management entity.

22. The method according to any one of claims 19-21, further comprising:

determining whether relocation of a serving gateway (SGW) is
needed,;

when it is determined that the relocation is needed, establishing
general packet radio service (GPRS) tunnelling protocol (GTP) tunnels
between an evolved node B (eNB), serving gateway (SGW), and a mobility
gateway edge router (MGW/ER) based on tunnel endpoint identifier (TEID)
information provided in the context information; and

when it is determined that the relocation is not needed, establishing
GTP tunnels between the eNB, mobility gateway access router (MGW/AR),
and mobility gateway edge router (MGW/ER).

23. The method according to any one of clams 19-22, wherein the user

equipment isin idle mode.

24. The method according to any one of clams 19-22, wherein the user
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equipment isin connected mode.

25. The method according to any one of claims 19-24, wherein the bearer-

less network comprises a 5™ generation wireless network (5G).

26. The method according to any one of claims 19-24, wherein the bearer-

based network comprises along term evolution (LTE) network.

27. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

receive a tracking area update (TAU) to register with a bearer-based
network, the tracking area update (TAU) being received from a user
eguipment moving from a bearer-less network to the bearer-based network;

initiate a context request to obtain context information from a
network entity in the bearer-less network; and

receive the context information to establish bearers for the user

eguipment to obtain internet protocol (IP)based services.

28. The apparatus according to claim 27, wherein the network entity in the

bearer-less network comprises an access control server.

29. The apparatus according to claims 27 or 28, wherein the apparatus

comprises amobility management entity.

30. The apparatus according to any one of claims 27-29, wherein the at least
one memory and the computer program code are configured, with the at least

one processor, to cause the apparatus at least to:
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determine whether relocation of a serving gateway (SGW) is needed;

when it is determined that the relocation is needed, establish general
packet radio service (GPRS) tunnelling protocol (GTP) tunnels between an
evolved node B (eNB), serving gateway (SGW), and a mobility gateway
edge router (MGW/ER) based on tunnel endpoint identifier (TEID)
information provided in the context information; and

when it is determined that the relocation is not needed, establish GTP
tunnels between the eNB, mobility gateway access router (MGW/AR), and
mobility gateway edge router (MGW/ER).

31. The apparatus according to any one of claims 27-30, wherein the user

equipment isin idle mode.

32. The apparatus according to any one of claims 27-30, wherein the user

equipment isin connected mode.

33. The apparatus according to any one of claims 27-32, wherein the bearer-

less network comprises a 5" generation wireless network (5G).

34. The apparatus according to any one of claims 27-32, wherein the bearer-
based network comprises along term evolution (LTE) network.

35. A method, comprising:

detecting, by a user equipment, that the user equipment is moving
from abearer-less network to a bearer-based network; and

initiating a tracking area update (TAU) message to register with the
bearer-based network and simulating bearers by setting bearer context
information within the TAU message to show that the user equipment

supports two bearers.
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36. The method according to claim 35, wherein the user equipment isin idle

mode.

37. The method according to claim 35, wherein the user equipment is in

connected mode.

38. The method according to any one of claims 35-37, wherein the bearer-

less network comprises a 5" generation wireless network (5G).

39. The method according to any one of claims 35-37, wherein the bearer-
based network comprises along term evolution (LTE) network.

40. The method according to any one of claims 35-39, further comprising
including an active flag within the TAU message to ensure appropriate radio
bearers and S| bearers are established in order to receive internet protocol
(IP) based services.

41. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

detect that the apparatus is moving from a bearer-less network to a
bearer-based network; and

initiate a tracking area update (TAU) message to register with the
bearer-based network and simulate bearers by setting bearer context
information within the TAU message to show that the apparatus supports

two bearers.

42. The apparatus according to claim 41, wherein the apparatus comprises a
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user equipment in idle mode.

43. The apparatus according to claim 41, wherein the apparatus comprises a

user equipment in connected mode.

44. The apparatus according to any one of claims 41-43, wherein the bearer-

less network comprises a 5" generation wireless network (5G).

45. The apparatus according to any one of claims 41-43, wherein the bearer-
based network comprises along term evolution (LTE) network.

46. The apparatus according to any one of claims 41-45, wherein the at least
one memory and the computer program code are configured, with the at least
one processor, to cause the apparatus at least to include an active flag within
the TAU message to ensure appropriate radio bearers and Sl bearers are
established in order to receive internet protocol (IP) based services.

47. A method, comprising:

receiving, by a network entity in a bearer-less network, an initial
attach or tracking area update (TAU) request from a user equipment moving
from abearer-based network to the bearer-less network;

obtaining bearer context information from an entity of the bearer-
based network;

retrieving a mapping of bearer quality of service (QoS) class
identifier (QCl) to 5G QoS parameters including DiffServ code point
(DSCP) vaues, other 5G QoS priority related values, and

informing a gateway in the bearer-less network of the mapping and
the use of packet filters that may be assigned to different bearers to set the
DSCP values for the service data flows.
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48. The method according to claim 47, further comprising determining
whether serving gateway (SGW) relocation is necessary and establishing
general packet radio service (GPRS) tunnelling protocol (GTP) tunnels
towards apacket data network gateway (PGW) of the bearer-less network.

49. The method according to claims 47 or 48, further comprising selecting an
appropriate mobility gateway (MGW) to establish a session for the user
equipment based on an indication of atype of service requested from the

user equipment.

50. The method according to any one of claims 47-49, wherein the network

entity in abearer-less network comprises an access control server.

51. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

receive an initial attach or tracking area update (TAU) request from a
user equipment moving from a bearer-based network to a bearer-less
network;

obtain bearer context information from an entity of the bearer-based
network;

retrieve a mapping of bearer quality of service (QoS) class identifier
(QCI) to 5G QoS parameters including DiffServ code point (DSCP) values,
other QoS priority related values; inform a gateway in the bearer-less
network of the mapping and
the use of packet filters that may be assigned to different bearers to set the
DSCP values for the service data flows.
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52. The apparatus according to clam 51, wherein the at least one memory
and the computer program code are further configured, with the at least one
processor, to cause the apparatus at least to determine whether serving
gateway (SGW) relocation is necessary and establish general packet radio
service (GPRYS) tunnelling protocol (GTP) tunnels towards a packet data
network gateway (PGW) of the bearer-less network.

53. The apparatus according to claims 51 or 52, wherein the at least one
memory and the computer program code are further configured, with the at
least one processor, to cause the apparatus at least to select an appropriate
mobility gateway (MGW) to establish a session for the user equipment based

on an indication of atype of service requested from the user equipment.

54. The apparatus according to any one of clams 51-53, wherein the

apparatus comprises an access control server in the bearer-less network.

55. A method, comprising:

detecting, by a user equipment, that the user equipment is moving
from abearer-based network to a bearer-less network;

performing initial attach to obtain internet protocol (1P) connectivity
from the bearer-less network or performing a tracking area update (TAU)
procedure to perform registration with the bearer-less network; and

when performing the initial attach or the TAU procedure, providing

quality of service (QoS) information to the bearer-less network.
56. The method according to claim 55, further comprising indicating a type
of service requested from the bearer-less network by including a service

name with the initial attach or TAU procedure.

57. The method according to claims 55 or 56, wherein the user equipment is
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in idle mode.

58. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

detect that the apparatus is moving from a bearer-based network to a
bearer-less network;

perform initial attach to obtain internet protocol (IP) connectivity
from the bearer-less network or performing a tracking area update (TAU)
procedure to perform registration with the bearer-less network; and

when performing the initial attach or the TAU procedure, provide

quality of service (QoS) information to the bearer-less network.

59. The apparatus according to claim 58, wherein the at least one memory
and the computer program code are further configured, with the at least one
processor, to cause the apparatus at least to indicate a type of service
requested from the bearer-less network by including a service name with the
initial attach or TAU procedure.

60. The apparatus according to claims 58 or 59, wherein the apparatus

comprises auser equipment in idle mode.

61. A method, comprising:
initiating, by a network entity in a bearer-less network, handover of a
user equipment from the bearer-less network to abearer-based network;
mapping quality of service (QoS) parameters from different service
flows of the bearer-less network to Evolved Packet System (EPS) bearer
level QoS of the bearer-based network;
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determining access point name (APN) to be used in the bearer-based
network;
providing APN information within EPS packet data network (PDN)
connections in arelocation request forwarded to the bearer-based network to
establish appropriate bearers for the user equipment;
sending a handover command to the user equipment to trigger

handover to the bearer-based network.

62. The method according to claim 61, further comprising creating a tunnel

to perform data forwarding from the bearer-less to the bearer-based network.

63. The method according to claims 61 or 62, further comprising de-
activating tunnels that were established in the bearer-less network for the
user equipment in response to a de-activation by the bearer-based network of
the tunnel created for data forwarding.

64. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

initiate handover of auser equipment from a bearer-less network to a
bearer-based network;

map quality of service (QoS) parameters from different service flows
of the bearer-less network to Evolved Packet System (EPS) bearer level QoS
of the bearer-based network;

determine access point name (APN) to be used in the bearer-based
network;

provide APN information within EPS packet data network (PDN)

connections in arelocation request forwarded to the bearer-based network to
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establish appropriate bearers for the user equipment;
send a handover command to the user equipment to trigger handover
to the bearer-based network.

65. The apparatus according to claim 64, wherein the at least one memory
and the computer program code are further configured, with the at least one
processor, to cause the apparatus at least to create a tunnel to perform data

forwarding from the bearer-less to the bearer-based network.

66. The apparatus according to claims 64 or 65, wherein the at least one
memory and the computer program code are further configured, with the at
least one processor, to cause the apparatus at least to de-activate tunnels that
were established in the bearer-less network for the user equipment in
response to a de-activation by the bearer-based network of the tunnel created
for data forwarding.

67. The apparatus according to any one of clams 64-66, wherein the

apparatus comprises anetwork entity in abearer-less network.

68. A method, comprising:

receiving, by a network entity in a bearer-based network, arelocation
request comprising access point name (APN) information for establishing
appropriate bearers for a user equipment handover from a bearer-less
network to the bearer-based network;

preparing for the handover by setting up genera packet radio
service (GPRS) tunnelling protocol (GTP) tunnels for the user equipment
based in part on the received APN information; and

confirming establishment of the appropriate bearers to the bearer-less
network.
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69. The method according to claim 68, wherein the network entity in the

bearer-based network comprises amobility management entity.

70. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

receive a relocation request comprising access point name (APN)
information for establishing appropriate bearers for a user equipment
handover from abearer-less network to abearer-based network;

prepare for the handover by setting up general packet radio
service (GPRS) tunnelling protocol (GTP) tunnels for the user equipment
based in part on the received APN information; and

confirm establishment of the appropriate bearers to the bearer-less

network.

71. The apparatus according to claim 70, wherein the apparatus comprises a
mobility management entity in the bearer-based network.

72. A method, comprising:

receiving, by a network entity in a bearer-less network, an indication
that handover of a user equipment from a bearer-based network to the
bearer-less network isrequired;

preparing for the handover by setting up at least one generic routing
encapsulation (GRE) tunnel for the user equipment;

mapping quality of service (QoS) class identifier (QCI) values
retrieved from the bearer-based network to 5G QoS parameters including
DiffServ code point (DSCP) values, other QoS priority related values

providing the mapping to a gateway in the bearer-less network and use of
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packet filters that may be assigned to different bearers to set the DSCP

values for the service data flows;

receiving a tracking area update (TAU) message from the user
equipment executing handover; and

confirming establishment of bearers to the bearer-based network and
de-activating tunnel (s) established for data forwarding.

73. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,
wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

receive an indication that handover of a user equipment from a
bearer-based network to a bearer-less network isrequired;

prepare for the handover by setting up at least one generic routing
encapsulation (GRE) tunnel for the user equipment;

map quality of service (QoS) class identifier (QCI) values retrieved
from the bearer-based network to DiffServ code point (DSCP) values, 5G
QoS parameters including DiffServ code point (DSCP) values, other QoS
priority related values provide the mapping to a gateway in the bearer-less
network and use of packet filters that may be assigned to different bearers to
set the DSCP values for the service data flows;

receive a tracking area update (TAU) message from the user
equipment executing handover; and

confirm establishment of bearers to the bearer-based network and de-
activate tunnel (s) established for data forwarding.

74. The apparatus according to claim 73, wherein the apparatus comprises a
network entity in the bearer-less network.
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75. A method, comprising:

detecting, by a network entity in a bearer-based network, that
handover of auser equipment from the bearer-based network to abearer-less
network is required;

determining which entity in the bearer-less network controls an access
point that will serve the user equipment;

initiating handover and providing bearer context information in a
relocation request forwarded to the entity in the bearer-less network; and

creating a tunnel to perform data forwarding and informing an
evolved node B (eNB) in the bearer-based network that handover can be

triggered with ahandover command.

76. The method according to claim 75, further comprising de-activating
general packet radio service (GPRS) tunnelling protocol (GTP) tunnels that
were established in the bearer-based network.

77. The method according to claims 75 or 76, wherein the network entity in

the bearer-based network comprises a mobility management entity.

78. An apparatus, comprising:

at least one processor; and

at least one memory including computer program code,

wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

detect that handover of auser equipment from a bearer-based network
to abearer-less network is required;

determine which entity in the bearer-less network controls an access
point that will serve the user equipment;

initiate handover and provide bearer context information in a

relocation request forwarded to the entity in the bearer-less network; and
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create a tunnel to perform data forwarding and inform an evolved
node B (eNB) in the bearer-based network that handover can be triggered

with ahandover command.

79. The apparatus according to claim 78, wherein the at least one memory
and the computer program code are further configured, with the at least one
processor, to cause the apparatus at least to de-activate general packet radio
service (GPRS) tunnelling protocol (GTP) tunnels that were established in
the bearer-based network.

80. The apparatus according to claims 78 or 79, wherein the apparatus
comprises amobility management entity in the bearer-based network.

81. A method, comprising:

receiving, by an access point in a bearer-less network, information
about an evolved node B (eNB) and mobility management entity (MME) of a
bearer-based network, the information being received from a user equipment
moving from the bearer-based network to the bearer-less network;

using the information to obtain user equipment context information
from the eNB; and

routing the user equipment to an appropriate access control server.

82. The method according to claim 81, wherein the user equipment context
information comprises bearer context information comprising quality of
service (QoS) parameters and access point name (APN) used for packet data
network connectivity in the bearer-based network.

83. An apparatus, comprising:
at least one processor; and

at least one memory including computer program code,
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wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

receive information about an evolved node B (eNB) and mobility
management entity (MME) of abearer-based network, the information being
received from auser equipment moving from the bearer-based network to a
bearer-less network;

use the information to obtain user equipment context information
from the eNB; and

route the user equipment to an appropriate access control server.

84. The apparatus according to claim 83, wherein the user equipment context
information comprises bearer context information comprising quality of
service (QoS) parameters and access point name (APN) used for packet data
network connectivity in the bearer-based network.

85. The apparatus according to claims 83 or 84, wherein the apparatus

comprises an access point in the bearer-less network.

86. A method, comprising:

detecting, by auser equipment, that the user equipment is moving from
abearer-based network to abearer-less network;

providing, to an access point in the bearer-less network, information
about an evolved node B (eNB) and mobility management entity (MME) of
the bearer-based network; and

executing handover from the bearer-based network to the bearer-less

network.

87. An apparatus, comprising:
at least one processor; and

at least one memory including computer program code,
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wherein the at least one memory and the computer program code are
configured, with the at least one processor, to cause the apparatus at least to

detect that the apparatus is moving from a bearer-based network to a
bearer-less network;

provide, to an access point in the bearer-less network, information
about an evolved node B (eNB) and mobility management entity (MME) of
the bearer-based network; and

execute handover from the bearer-based network to the bearer-less
network.

88. The apparatus according to clam 87, wherein the apparatus comprises a

user equipment.

89. A computer program, embodied on a computer readable medium, the
computer program configured to control a processor to perform a method
according to any one of claims 1-9, 19-26, 35-40, 47-50, 55-57, 61-63, 68-69,
72, 75-77, 81-82, and 86.
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The special technical features of Group | include handover from a bearer-less network to the bearer-based network; a tracking area
update (TAU) message; obtaining internet protocol (IP) based services; mapping quality of service (QoS) parameters; and confirming
establishment of bearers to the network, which are not present in Group II. ’

The special technical features of Group 11 include determining which entity in the bearer-less network controls an access point that will
serve the user equipment; and perform data forwarding and informing an evolved node B (eNB) in the bearer-based network that
handover can be triggered with a handover command, which are not present in Group I.

The common technical features shared by Groups | and Il are detecting, by a network entity in a bearer-based network, that handover of
a user equipment from the bearer-based network to a bearer-less network is required; providing bearer context information in a
relocation request forwarded to the entity in the bearer-less network; creating a tunnel; and communicating with an evolved node B
(eNB) in the bearer-based network. ’
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bearer-less network is required (a partial handover may occur between AGW1, which may be an LTE system (bearer-based) to AGW2,
which may be a bearerless access network such as WLAN, paragraphs [0017] [0020], [0023], and [0032]); providing bearer context
information in a relocation request forwarded to the entity in the bearer-less network (PBA message is sent to AGW2 (entity in
bearer-less network) containing FID2 identifying IP flow (bearer context) to be transferred to it, paragraph [0035]); creating a tunnel (a
new data tunnel si created between PGW and AGW?2, paragraph [0035]); and communicating with an evolved node B (eNB) in the
bearer-based network (AGW1 may be an LTE communciation system base station, which may be an evolved Node B, paragraphs
[0003], [0016], [0017], and [0039]).

Since the common technical features are previouély disclosed by the Jin reference, these common features are not special and so
Groups |and 11 lack unity.
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