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PROCEDURES TO SUPPORT NETWORK SLICING IN A WIRELESS
COMMUNICATION SYSTEM

FIELD
[0001] The subject matter disclosed herein relates generally to wireless communications

and more particularly relates to supporting network slicing in a wireless communication system.

BACKGROUND
[0002] The following abbreviations are herewith defined, at least some of which are

referred to within the following description.
03] 3GPP Third Generation Partnership Project

AP Access Point

CP Control Plane
0006] DL Downlink
0007] eNB Evolved Node B
0008] EPC Evolved Packet Core
0009] IMS IP Multimedia Subsystem

0005

04]
|
I
|
|
|
0010] IP Internet Protocol
0011] IoT Interet of Things
0012] LTE Long Term Evolution
0013] MBB Mobile Broadband
0014] mloT Massive Internet of Things
0015] MM Mobility Management
0016] MME Mobility Management Entity
0017] MTC Machine-Type Communications
0018] OFDM Orthogonal Frequency Division Multiplexing
0019] PDU Protocol Data Unit
0020] PGW Packet Data Network Gateway
0021] PLMN Public Land Mobile Network
0022] RAN Radio Access Network
0023] SC-FDMA Single Carrier Frequency Division Multiple Access
0024] SGW Serving Gateway
0025] UE User Entity/Equipment (Mobile Terminal)
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[0027] WiIMAX Worldwide Interoperability for Microwave Access

[0028] In wireless communications networks, next generation of wireless networks (e.g.,
fifth-generation or “5G” networks) are expected to support different network slices. Each network
slice can be seen as an independent network partition optimized to support the performance
requirements of a certain usage class. For example, a wireless communication network may
contain a network slice optimized for mobile broadband services (characterized by high data rate
and medium latency), a network slice optimized for autonomous driving (characterized by low
latency and high reliability), a network slice optimized for Internet of Things (“IoT”) or Machine
Type Communications (“MTC”) (characterized by low mobility and low data rate), and the like.

[0029] Generally, the same public land mobile network (“PLMN") deploys one or more
network slices. A network slice may be deployed multiple times within a PLMN, resulting in
multiple instances of the same network slice. Itis expected that the same mobile device (e.g., User
Equipment (“UE”)) may simultaneously connect with multiple network slices. For example, a UE
may be connected to a network slice optimized for massive [oT in order to provide connectivity to
its IoT applications. Simultaneously, the same UE may be connected to another network slice
optimized for mobile broadband communication in order to provide connectivity to its IMS and/or
web browsing applications.

[0030] However, mobility management (“MM”) signaling increases when the UE is
simultaneously connected to multiple network slices. For example, when a UE is in idle mode and

% <c

moves to new routing area (also referred to as a “tracking area,” “registration area,” or “paging
area”), the UE needs to update its current location with all of the connected network slices.
Conventional mobile communication networks would require the UE to perform multiple routing
area updates, one towards each connected network slice. Performing multiple MM procedures
results in increased MM signaling between the UE and the network and decreases the battery life

mn the UE.

BRIEF SUMMARY
[0031] Apparatuses for mobility management among multiple network slices are
disclosed. Methods and systems also perform the functions of the apparatus. In one embodiment,
the apparatus includes a processor that establishes a first connection with a primary network slice
of a mobile communication network and establishes a second connection with a secondary network
slice of the mobile communication network. The processor also detects a mobility management
event and receives a mobility management response, via the first connection and in response to a

mobility management request sent to the primary network slice. The mobility management
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response includes a response from the primary network slice and a response from the secondary
network slice. In various embodiments, the apparatus may include a transceiver that
communicates with the mobile communication network.

[0032] In some embodiments, establishing the first connection with the primary network
slice includes receiving an initial attach response from the primary network slice responsive to an
initial attach request. In such embodiments, the initial attach response may include an indication
of one or more usage classes supported by the primary network slice and a first UE identifier
assigned by the primary network slice. The first UE identifier may include an identity of the
primary network slice.

[0033] In certain embodiments, the processor also receives a second UE identifier in
response to transmitting a detach request to the primary network slice, wherein the second UE
identifier includes an identity of a new primary network slice. In one embodiment, establishing a
second connection with a secondary network slice includes transmitting an additional attach
request containing a UE identifier assigned by the primary network slice.

[0034] In some embodiments, establishing the first connection with the primary network
slice includes authenticating the apparatus with the primary network slice. In such embodiments,
establishing the second connection with the secondary network slice may include re-authenticating
the apparatus with the primary network slice via the secondary network slice. In certain
embodiments, re-authenticating the apparatus with the primary network slice via the secondary
network slice includes storing, at the primary network slice, an identity of the secondary network
slice.

[0035] In certain embodiments, the mobility management response is one of a routing area
update response and a service response. In one embodiment, the mobility management response
indicates whether the primary network slice accepts the mobility management request and whether
the secondary network slice accepts the mobility management request. In some embodiments,
each network slice in the mobile communication network supports at least one of a plurality of
usage classes. In such embodiments, the mobility management response includes an update result
for each usage class supported by the primary network slice and by the secondary network slice.

[0036] In some embodiments, receiving a mobility management response responsive to a
mobility management request sent to the primary network slice includes transmitting, via the first
connection, a routing area update request to the primary network slice without transmitting a
routing area update request to the secondary network slice, and receiving, via the first connection,
a routing area update response that includes a response from the primary network slice and a

response from the secondary network slice.
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[0037] The method may include establishing a first connection with a primary network
slice of a mobile communication network and establishing a second connection with a secondary
network slice of the mobile communication network. The method may further include detecting a
mobility management event and receiving, via the first connection and in response to a mobility
management request sent over the first connection, a mobility management update response that
includes a response from the primary network slice and a response from the secondary network
slice.

[0038] In certain embodiments, establishing a first connection with a primary network slice
includes: receiving an initial attach response from the primary network slice responsive to an initial
attach request, the initial attach response including an indication of one or more usage classes
supported by the primary network slice and a UE identifier assigned by the primary network slice,
wherein the UE identifier includes an identity of the primary network slice. In further
embodiments, the method may include receiving a second UE identifier in response to transmitting
a detach request to the primary network slice, wherein the second UE identifier includes an identity
of a new primary network slice.

[0039] In some embodiments, establishing a second connection with a secondary network
slice includes transmitting an additional attach request containing a UE identifier assigned by the
primary network slice. In certain embodiments, establishing the first connection with the primary
network slice includes authenticating the apparatus with the primary network slice, and wherein
establishing the second connection with the secondary network slice includes re-authenticating the
apparatus with the primary network slice via the secondary network slice. In one embodiment, the
mobility management response is one of a routing area update response and a service response.

[0040] In certain embodiments, the mobility management response indicates whether the
primary network slice accepts the mobility management request and whether the secondary
network slice accepts the mobility management request. In some embodiments, each network slice
in the mobile communication network supports at least one of a plurality of usage classes, and
wherein the mobility management response includes an update result for each usage class
supported by the primary network slice and by the secondary network slice.

[0041] In one embodiment, receiving a mobility management response responsive to a
mobility management request sent to the primary network slice includes: transmitting, via the first
connection, a routing area update request to the primary network slice without transmitting a
routing area update request to the secondary network slice, and receiving, via the first connection,
a routing area update response that includes a response from the primary network slice and a

response from the secondary network slice.
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[0042] Another apparatus for mobility management among multiple network slices
includes a processor that receives an indication of an attached mobile unit attaching to a secondary
network slice of the mobile communication network. The processor also receives a mobility
management request from the mobile unit and forwards the mobility management request to the
secondary network slice. In various embodiments, the apparatus may include a network interface
for communicating over a mobile communication network.

[0043] In certain embodiments, the processor receives a first mobility management
response from the secondary network slice. The processor may also generate a second mobility
management response based on the mobility management request. The processor further sends a
third mobility management response to the mobile unit, the third mobility management response
including information from the first mobility management response and the second mobility
management response.

[0044] In some embodiments, the mobile communication network supports a plurality of
usage classes, wherein the third mobility management response includes an update result for each
usage class to which the mobile unit is attached, wherein the mobility management request is one
of a routing area update request and a service request, and wherein the third mobility management
response is one of a routing area update response and a service response. In one embodiment, the
apparatus contains a first network slice of the mobile communication network, wherein the first
network slice supports a first usage class and the second network slice supports a second usage
class.

[0045] In certain embodiments, processor further assigns a UE identifier to the mobile unit
in response to receiving an initial attach request from the mobile unit, wherein the UE identifier
includes an identity of the apparatus and transmits an initial attach response to the mobile unit, the
initial attach response including an indication of one or more usage classes supported by the
apparatus and the UE identifier. In one embodiment, receiving an indication of the mobile unit
attaching to a secondary network slice includes receiving a registration request from the secondary
network slice, the registration request including a slice identifier belonging to the secondary
network slice and a mobile unit identifier belonging to the mobile unit and storing the slice
identifier belonging to the secondary network slice.

[0046] In some embodiments, forwarding the mobility management request to the
secondary network slice includes identifying a secondary network slice to which the mobile unit
is attached and transmitting the mobility management request to the secondary network slice using
a destination network address corresponding to the slice identifier belonging to the secondary

network slice. In certain embodiments, the registration request is a re-authentication request
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received from the secondary network slice. In such embodiments, the processor further re-
authenticates the apparatus with the mobile unit via the secondary network slice in response to
receiving the re-authentication request.

[0047] In one embodiment, the processor receives a deregistration message from the
secondary network slice in response to the mobile unit detaching from the second network slice,
wherein the processor ceases forwarding, to the second network slice, mobility management
requests received from the mobile unit in response to the deregistration message. In another
embodiment, the processor selects a second network slice in response to receiving a detach request
from the mobile unit, the second network slice to become a new primary network slice and
transmits a set of slice identities to the selected second network slice, the set of slice identities
including all secondary network slices to which the mobile unit is connected. In such an
embodiment, the processor further receives a UE identifier from the second network slice and
transmits, to the mobile unit, a detach response containing the UE identifier, wherein the UE
identifier includes an identity of the second network slice.

[0048] Another method for mobility management among multiple network slices includes
receiving an indication of an attached mobile unit attaching to a secondary network slice of the
mobile communication network, receiving a mobility management request from the mobile unit,
and forwarding the mobility management request to the secondary network slice.

[0049] In various embodiments, the method further includes receiving a first mobility
management response from the secondary network slice, generating a second mobility
management response based on the mobility management request, and sending a third mobility
management response to the mobile unit, the third mobility management response including
information from the first mobility management response and the second mobility management
response. In some embodiments, the mobile communication network supports a plurality of usage
classes, wherein the third mobility management response includes an update result for each usage
class to which the mobile unit is attached, wherein the mobility management request is one of a
routing area update request and a service request, and wherein the third mobility management
response is one of a routing area update response and a service response.

[0050] In certain embodiments, the mobile communication network includes a first
network slice supporting a first usage class, and wherein the second network slice supports a
second usage class. In one embodiment, the method includes assigning a UE identifier to the
mobile unit in response to receiving an initial attach request from the mobile unit, wherein the UE

identifier includes an identity of a first network slice and transmitting an initial attach response to
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the mobile unit, the initial attach response including an indication of one or more supported usage
classes and the UE identifier.

[0051] In some embodiments, receiving an indication of the mobile unit attaching to a
secondary network slice includes receiving a registration request from the secondary network slice,
the registration request including a slice identifier belonging to the secondary network slice and a
mobile unit identifier belonging to the mobile unit and storing the slice identifier belonging to the
secondary network slice. In certain embodiments, forwarding the mobility management request
to the second network slice includes identifying a second network slice to which the mobile unit
is attached and transmitting the mobility management request to the second network slice using a
destination network address corresponding to the slice identifier belonging to the second network
slice. In some embodiments, the registration request is a re-authentication request received from
the second network slice, the method further including re-authenticating with the mobile unit via
the second network slice in response to receiving the re-authentication request.

[0052] In one embodiment, the method includes receiving a deregistration message from
the second network slice in response to the mobile unit detaching from the second network slice
and ceasing forwarding, to the second network slice, mobility management requests received from
the mobile unit in response to the deregistration message. In another embodiment, the method
includes selecting a second network slice in response to receiving a detach request from the mobile
unit, transmitting a set of slice identities to the selected second network slice, the set of slice
identities including all second network slices to which the mobile unit is connected, receiving a
UE identifier from the second network slice, and transmitting, to the mobile unit, a detach response
containing the UE identifier, wherein the UE identifier includes an identity of the second network

slice.

BRIEF DESCRIPTION OF THE DRAWINGs

[0053] A more particular description of the embodiments briefly described above will be
rendered by reference to specific embodiments that are illustrated in the appended drawings.
Understanding that these drawings depict only some embodiments and are not therefore to be
considered to be limiting of scope, the embodiments will be described and explained with
additional specificity and detail through the use of the accompanying drawings, in which:

[0054] Figure 1 is a schematic block diagram illustrating one embodiment of a wireless
communication system for mobility management among multiple network slices;

[0055] Figure 2 is a schematic block diagram illustrating one embodiment of an apparatus

that may be used for mobility management among multiple network slices;
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[0056] Figure 3 is a schematic block diagram illustrating another embodiment of an
apparatus that may be used for mobility management among multiple network slices;

[0057] Figure 4 illustrates one embodiment of a network attach procedure used for
mobility management among multiple network slices;

[0058] Figure 5 illustrates another embodiment of a network attach procedure used for
mobility management among multiple network slices;

[0059] Figure 6 illustrates one embodiment of a network attach procedure used for
mobility management among multiple network slices;

[0060] Figure 7A is a schematic block diagram illustrating one embodiment of a detach
procedure used for mobility management among multiple network slices;

[0061] Figure 7B is a schematic block diagram illustrating another embodiment of a detach
procedure used for mobility management among multiple network slices;

[0062] Figure 8A is a schematic flow chart diagram illustrating one embodiment of a
method for mobility management among multiple network slices; and

[0063] Figure 8B is a schematic flow chart diagram illustrating another embodiment of a

method for mobility management among multiple network slices.

DETAILED DESCRIPTION

[0064] As will be appreciated by one skilled in the art, aspects of the embodiments may be
embodied as a system, apparatus, method, or program product. Accordingly, embodiments may
take the form of an entirely hardware embodiment, an entirely software embodiment (including
firmware, resident software, micro-code, etc.) or an embodiment combining software and
hardware aspects.

[0065] For example, the disclosed embodiments may be implemented as a hardware circuit
comprising custom very-large-scale integration (“VLSI”) circuits or gate arrays, off-the-shelf
semiconductors such as logic chips, transistors, or other discrete components. The disclosed
embodiments may also be implemented in programmable hardware devices such as field
programmable gate arrays, programmable array logic, programmable logic devices, or the like. As
another example, the disclosed embodiments may include one or more physical or logical blocks
of executable code which may, for instance, be organized as an object, procedure, or function.

[0066] Furthermore, embodiments may take the form of a program product embodied in
one or more computer readable storage devices storing machine readable code, computer readable

code, and/or program code, referred hereafter as code. The storage devices may be tangible, non-
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transitory, and/or non-transmission. The storage devices may not embody signals. In a certain
embodiment, the storage devices only employ signals for accessing code.

[0067] Any combination of one or more computer readable medium may be utilized. The
computer readable medium may be a computer readable storage medium. The computer readable
storage medium may be a storage device storing the code. The storage device may be, for example,
but not limited to, an electronic, magnetic, optical, electromagnetic, infrared, holographic,
micromechanical, or semiconductor system, apparatus, or device, or any suitable combination of
the foregoing.

[0068] More specific examples (a non-exhaustive list) of the storage device would include
the following: an electrical connection having one or more wires, a portable computer diskette, a
hard disk, a random access memory (“RAM”), a read-only memory (“ROM?”), an erasable
programmable read-only memory (“EPROM™ or Flash memory), a portable compact disc read-
only memory (“CD-ROM?”™), an optical storage device, a magnetic storage device, or any suitable
combination of the foregoing. In the context of this document, a computer readable storage
medium may be any tangible medium that can contain, or store a program for use by or in
connection with an instruction execution system, apparatus, or device.

% <¢

[0069] Reference throughout this specification to “one embodiment,” “an embodiment,”
or similar language means that a particular feature, structure, or characteristic described in
connection with the embodiment is included in at least one embodiment. Thus, appearances of the
phrases “in one embodiment,” “in an embodiment,” and similar language throughout this
specification may, but do not necessarily, all refer to the same embodiment, but mean “one or more
but not all embodiments” unless expressly specified otherwise. The terms “including,”
“comprising,” “having,” and variations thereof mean “including but not limited to,” unless
expressly specified otherwise. An enumerated listing of items does not imply that any or all of the
items are mutually exclusive, unless expressly specified otherwise. The terms “a,” “an,” and “the”
also refer to “one or more™ unless expressly specified otherwise.

[0070] Furthermore, the described features, structures, or characteristics of the
embodiments may be combined in any suitable manner. In the following description, numerous
specific details are provided, such as examples of programming, software modules, user selections,
network transactions, database queries, database structures, hardware modules, hardware circuits,
hardware chips, etc., to provide a thorough understanding of embodiments. One skilled in the
relevant art will recognize, however, that embodiments may be practiced without one or more of

the specific details, or with other methods, components, materials, and so forth. In other instances,
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well-known structures, materials, or operations are not shown or described in detail to avoid
obscuring aspects of an embodiment.

[0071] Aspects of the embodiments are described below with reference to schematic
flowchart diagrams and/or schematic block diagrams of methods, apparatuses, systems, and
program products according to embodiments. It will be understood that each block of the
schematic flowchart diagrams and/or schematic block diagrams, and combinations of blocks in the
schematic flowchart diagrams and/or schematic block diagrams, can be implemented by code.
These code may be provided to a processor of a general purpose computer, special purpose
computer, or other programmable data processing apparatus to produce a machine, such that the
instructions, which execute via the processor of the computer or other programmable data
processing apparatus, create means for implementing the functions/acts specified in the schematic
flowchart diagrams and/or schematic block diagrams block or blocks.

[0072] The schematic flowchart diagrams and/or schematic block diagrams in the Figures
illustrate the architecture, functionality, and operation of possible implementations of apparatuses,
systems, methods, and program products according to various embodiments. In this regard, each
block in the schematic flowchart diagrams and/or schematic block diagrams may represent a
module, segment, or portion of code, which includes one or more executable instructions of the
code for implementing the specified logical function(s). It will also be noted that each block of
the block diagrams and/or flowchart diagrams, and combinations of blocks in the block diagrams
and/or flowchart diagrams, can be implemented by special purpose hardware-based systems that
perform the specified functions or acts, or combinations of special purpose hardware and code.

[0073] It should also be noted that, in some alternative implementations, the functions
noted in the block may occur out of the order noted in the Figures. For example, two blocks shown
in succession may, in fact, be executed substantially concurrently, or the blocks may sometimes
be executed in the reverse order, depending upon the functionality involved. Other steps and
methods may be conceived that are equivalent in function, logic, or effect to one or more blocks,
or portions thereof, of the illustrated Figures. Although various arrow types and line types may be
employed in the flowchart and/or block diagrams, they are understood not to limit the scope of the
corresponding embodiments.

[0074] The description of elements in each figure may refer to elements of proceeding
figures. Like numbers refer to like elements in all figures, including alternate embodiments of like
elements.

[0075] In order to support several 5G usage classes (e.g., application categories)

simultaneously, a user equipment (“UE”) is configured to connect to multiple network slices
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simultaneously. Each network slice is optimized for a certain usage class. In order to minimize
both the UE’s battery consumption and the mobility management (“MM”) signaling load between
the UE and the network, the UE sends certain MM messages to a primary network slice and not to
other connected network slices (e.g., secondary network slices). The primary network slice then
relays the MM messages to the secondary network slices and collects MM responses from the
secondary network slices. The primary network slice returns to the UE a single MM response
message that contains MM responses from each network slice to which the UE is connected.

[0076] As used herein, a primary network slice refers to the network slice with which the
UE first connects. The other network slice(s) with which the UE connects are referred to as
secondary network slices. In certain embodiments, the UE attaches to the primary network slice
using an /nitial Attach procedure and attaches to the secondary network slices using an Additional
Attach procedure, described in further detail below.

[0077] In order to minimize MM signaling, the UE sends routing area updates only to the
primary network slice. As used herein, a “routing area” refers to a location area in the radio access
network (“RAN"). The “routing area” may include one or more base stations (e.g., eNBs). When
the UE detects it has changed routing area (e.g., while in /d/e mode), the UE sends a Routing Area

Update request to the primary network slice. A “routing area” may also be referred to as a

% < % ¢ % ¢

“location area,” “tracking area,” “registration area,” “paging area,” or the like. As mentioned
above, the primary network slice updates the secondary network slices with the UEs current
routing area and delivers a consolidated Routing Area Update response (e.g., from all network
slices with which the UE is connected).

[0078] Figure 1 depicts an embodiment of a wireless communication system 100 for
mobility management (“MM”) among multiple network slices. In one embodiment, the wireless
communication system 100 includes remote units 105, base units 110, and wireless communication
links 115. Even though a specific number of remote units 105, base units 110, and wireless
communication links 115 are depicted in Figure 1, one of skill in the art will recognize that any
number of remote units 105, base units 110, and wireless communication links 115 may be
included in the wireless communication system 100.

[0079] The base units 110 form a radio access network (“RAN") 120. The RAN 120 is
communicatively coupled to a mobile packet core 125. The mobile packet core 125 may be as a
5G packet core, such as the evolved packet core (“EPC”) specified in LTE specifications. The
present disclosure is not intended to be limited to the implementation of any particular wireless

communication system architecture or protocol. Thus, in a non-LTE implementation, the RAN
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120 may be coupled to a different type of packet core network, such as to a “5G” packet core
network.

[0080] The mobile packet core 125 belongs to a single public land mobile network
(“PLMN™) and includes a plurality of network slices 130A-C. Even though a specific number of
network slices 130A-C are depicted in Figure 1, one of skill in the art will recognize that any
number of network slices may be included in the mobile packet core 125. Each network slice in
the mobile packet core 125 may be optimized for a particular usage class. For example, a first
network slice 130A may be optimized for mobile broadband services (e.g., optimized for high data
rate and medium latency traffic), a second network slice 130B may be optimized for autonomous
driving (e.g., optimized for low latency and high reliability traffic), and a third network slice 130C
may be optimized for massive [oT/MTC (e.g., optimized for low mobility and low data rate traffic).
Each optimized service provided by a network slice in the mobile packet core 125 may correspond
to a usage class. Further, two or more of the network slices 130A-C may be optimized for the
same usage class (e.g., the mobile packet core 125 may include multiple instances of a network
slice 130A-C optimized for a particular usage class).

[0081] In one embodiment, the remote units 105 may include computing devices, such as
desktop computers, laptop computers, personal digital assistants (“PDAs”), tablet computers,
smart phones, smart televisions (e.g., televisions connected to the Internet), set-top boxes, game
consoles, security systems (including security cameras), vehicle on-board computers, network
devices (e.g., routers, switches, modems), or the like. In some embodiments, the remote units 105
include wearable devices, such as smart watches, fitness bands, optical head-mounted displays, or
the like. Moreover, the remote units 105 may be referred to as subscriber units, mobiles, mobile
stations, users, terminals, mobile terminals, fixed terminals, subscriber stations, UE, user
terminals, a device, or by other terminology used in the art.

[0082] The base units 110 may serve a number of remote units 105 within a serving area,
for example, a cell or a cell sector via a wireless communication link. The base units 110 may
communicate directly with one or more of the remote units 105 via communication signals. The
remote units 105 may communicate directly with one or more of the base units 110 via uplink
(“UL”) communication signals. Furthermore, the UL communication signals may be carried over
the wireless communication links 115.

[0083] The base units 110 transmit downlink (“DL”) communication signals to serve the
remote units 105 in the time, frequency, and/or spatial domain. Furthermore, the DL
communication signals may be carried over the wireless communication links 115. The wireless

communication links 115 may be any suitable carrier in licensed or unlicensed radio spectrum.
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The wireless communication links 115 may communicate with one or more of the remote units
105 and/or one or more of the base units 110.

[0084] The base units 110 may be distributed over a geographic region. In certain
embodiments, a base unit 110 may also be referred to as an access point, an access terminal, a
base, a base station, a Node-B, an eNB, a Home Node-B, a relay node, a device, or by any other
terminology used in the art. The base units 110 are generally part of a radio access network
(“RAN”) 120 that may include one or more controllers communicably coupled to one or more
corresponding base units 110.

[0085] Typically, two or more geographically adjacent base units 110 are grouped together
into a routing area. In certain embodiments, a routing area may also be referred to as a location
area, a paging area, a tracking area, or by any other terminology used in the art. Each “routing
area” has an identifier that is transmitted to the remote unit 105 from its serving base unit 110.

[0086] When the UE moves to a new cell (e.g., moved within range of a new base unit
110) that broadcasts a different “routing area” the remote unit 105 detects a change in routing area.
The RAN 120, in turn, pages a UE in /d/e mode only via the base units 110 in its current routing
area. The RAN 120 contains a plurality of routing areas. As known in the art, the size of a routing
area (e.g., the number base stations including in the routing area) may be selected to balance
routing area update signaling load with paging signaling load.

[0087] The RAN 120 is generally communicably coupled to one or more network slices
130 within a core network (such as the mobile packet core 125). The mobile packet core 125 (or
other core network) may be coupled to other networks, like the Intemet and an IP Multimedia
Subsystem (IMS), among other networks. The mobile packet core 125 may include controllers
and gateways, which not illustrated, but are known generally by those having ordinary skill in the
art. For example, one or more base units 110 may be communicably coupled to a mobility
management entity (“MME”), a serving gateway (“SGW?”), and/or a packet data network gateway
(“PGW?™) belonging to each network slice 130A-C.

[0088] In one implementation, the wireless communication system 100 is compliant with
the long-term evolution (“LTE”) of the 3GPP protocol, wherein the base unit 110 transmits using
an orthogonal frequency division multiplexing (“OFDM”) modulation scheme on the DL and the
remote units 105 transmit on the UL using a single-carrier frequency division multiple access
(“SC-FDMA”) scheme. More generally, however, the wireless communication system 100 may
implement some other open or proprietary communication protocol, for example, WiMAX, among
other protocols. The present disclosure is not intended to be limited to the implementation of any

particular wireless communication system architecture or protocol.
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[0089] In one embodiment, a remote unit 105 may attach to a first network slice 130A
(e.g., a primary network slice) and to a second network slice 130B (e.g., a secondary network
slice). Network attached procedures are discussed in detail below with reference to Figure 5.
When the remote unit 105 detects a MM event (e.g., a change in routing area), the remote unit 105
may transmit a MM request message only to its primary network slice (e.g., the first network slice
130A). Thereafter, the primary network slice forwards the MM request to one or more secondary
network slices with which the remote unit 105 is attached. Because the remote unit 105 transmits
the MM request messages to only the primary network slice, MM signaling between the remote
unit 105 and the base units 110 is reduced and battery life of the remote unit 105 is improved.

[0090] The first network slice 130A may store a list of secondary network slices for each
remote unit 105 for which it is the primary network slice. Each network slice 130A-C may have
a slice identifier, which uniquely identifies the network slice 130A-C. When the remote unit 105
attaches to the second network slice 130B, the remote unit 105 may transmit to the second network
slice 130B an additional attach request that includes the slice identifier belonging to its primary
network slice (e.g., the first network slice 130A). In some embodiments, the slice identifier is
included in a temporary UE identifier assigned to the remote unit 105 by the first network slice
130A. The second network slice 130B may identify the primary network slice using this identifier
and transmit its own slice identifier to the primary network slice, thereby notifying the primary
network slice that the second network slice 130B is a secondary network slice for the remote unit
105.

[0091] At some point, the remote unit 105 may no longer need the services of a network
slice (e.g., one of network slices 130A-C). For example, the remote unit 105 may no longer have
traffic to send that belongs to a usage class supported by the network slice. In such circumstances,
the remote unit 105 may send a detach request message, such as a data connection release message,
to detach from the network slice. When the remote unit 105 detaches from a secondary network
slice, the secondary network slice (e.g., the second network slice 130B) informs the primary
network slice (e.g., the first network slice 130A) which then ceases transmitting further MM
requests to the secondary network slice.

[0092] Where the remote unit 105 detaches from a primary network slice, the primary
network slice selects a secondary network slice to become the new primary network slice. The old
primary network slice then sends slice identities of all network slices with which the remote unit
105 is attached and sends a detach response to the remote unit 105. In some embodiments, the

detach response includes the slice identifier of the new primary network slice (e.g., included in a
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new temporary UE identifier for the remote unit 105) so that the remote unit 105 knows where to
send future MM requests.

[0093] Figure 2 depicts one embodiment of an apparatus 200 that may be used for mobility
management (“MM”) among multiple network slices. The apparatus 200 includes one
embodiment of the remote unit 105. Furthermore, the remote unit 105 may include a processor
205, a memory 210, an input device 215, a display 220, and a transceiver 225. In some
embodiments, the input device 215 and the display 220 are combined into a single device, such as
atouchscreen. In certain embodiments, the remote unit 105 may not include any input device 215
and/or display 220. In various embodiments, the remote unit 105 may include one or more of the
processor 205, the memory 210, and the transceiver 225, and may not include the input device 215
and/or the display 220.

[0094] The processor 205, in one embodiment, may include any known controller capable
of executing computer-readable instructions and/or capable of performing logical operations. For
example, the processor 205 may be a microcontroller, a microprocessor, a central processing unit
(“CPU™), a graphics processing unit (“GPU”), an auxiliary processing unit, a field programmable
gate array (“FPGA”™), or similar programmable controller. In some embodiments, the processor
205 executes instructions stored in the memory 210 to perform the methods and routines described
herein. The processor 205 is communicatively coupled to the memory 210, the input device 215,
the display 220, and the transceiver 225.

[0095] In certain embodiments, the processor 205 may control the transceiver 225 to
establish a first connection with a first network slice 130A and a second connection with a second
network slice 130B. In some embodiments, the first connection is a signaling connection, rather
than a data connection, between the remote unit 105 and the first network slice 130A. Similarly,
the second connection may be a signaling connection (not a data connection) between the remote
unit 105 and the second network slice 130B. Establishing the first connection may include
performing an /nitial Attach procedure with the first network slice 130, wherein the first network
slice 130A becomes the primary network slice for the remote unit 105. Establishing the second
connection may include performing an Additional Attach procedure with the second network slice
130B, wherein the second network slice 130B becomes a secondary network slice for the remote
unit 105. Thus signaling connections with the first network slice 130A and the second network
slice 130B may be established via network attachment with the first network slice 130A and the
second network slice 130B.

[0096] The processor 205 may also monitor a routing area identifier received from the base

units 110 with which the remote unit 105 communicates wirelessly. The processor 205 may detect
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the change in routing area, thus detecting a mobility management event (“MM event”). As used
herein, a MM event refers to an event requiring the remote unit 105 to communicate a MM message
with the mobile communication network. Examples of detecting a MM events include, but are not
limited to, detecting a change in routing area, expiration of the timer for periodic location update,
receiving a paging message, an application on the remote unit 105 generating uplink data, and the
like.

[0097] In response to the MM event, the processor 205 may generate a MM request
message that corresponds to the MM event. For example, the processor 205 may generate a
Routing Area Update request in response to detecting a change in routing area and/or expiration
of the timer for periodic location update. The processor 205 may then control the transceiver 225
to send the MM request message to only the primary network slice (e.g., over the signaling
connection (first connection) with the primary network slice). The processor 205 may further
receive a MM response message from the primary network slice, the MM response message
including a response from the primary network slice and have response from each secondary
network slice with which the remote unit 105 is attached.

[0098] The memory 210, in one embodiment, is a computer readable storage medium. In
some embodiments, the memory 210 includes volatile computer storage media. For example, the
memory 210 may include a RAM, including dynamic RAM (“DRAM?”), synchronous dynamic
RAM (“SDRAM”), and/or static RAM (“SRAM”). In some embodiments, the memory 210
includes non-volatile computer storage media. For example, the memory 210 may include a hard
disk drive, a flash memory, or any other suitable non-volatile computer storage device. In some
embodiments, the memory 210 includes both volatile and non-volatile computer storage media.

[0099] In some embodiments, the memory 210 stores data relating to MM among multiple
network slices. For example, the memory 210 may store a UE identity (e.g., a temporary identity
for the remote unit 105), securities, the current routing area, and the like. In some embodiments,
the memory 210 also stores program code and related data, such as an operating system or other
controller algorithms operating on the remote unit 105.

[0100] The input device 215, in one embodiment, may include any known computer input
device including a touch panel, a button, a keyboard, a stylus, a microphone, or the like. In some
embodiments, the input device 215 may be integrated with the display 220, for example, as a
touchscreen or similar touch-sensitive display. In some embodiments, the input device 215
includes a touchscreen such that text may be input using a virtual keyboard displayed on the
touchscreen and/or by handwriting on the touchscreen. In some embodiments, the input device

215 includes two or more different devices, such as a keyboard and a touch panel.
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[0101] The display 220, in one embodiment, may include any known electronically
controllable display or display device. The display 220 may be designed to output visual, audible,
and/or haptic signals. In some embodiments, the display 220 includes an electronic display
capable of outputting visual data to a user. In some embodiments, all or portions of the display
220 may be integrated with the input device 215. For example, the input device 215 and display
220 may form a touchscreen or similar touch-sensitive display. In other embodiments, the display
220 may be located near the input device 215.

[0102] For example, the display 220 may include, but is not limited to, an LCD display, an
LED display, an OLED display, a projector, or similar display device capable of outputting images,
text, or the like to a user. As another, non-limiting, example, the display 220 may include a
wearable display such as a smart watch, smart glasses, a heads-up display, or the like. Further, the
display 220 may be a component of a smart phone, a personal digital assistant, a television, a table
computer, a notebook (laptop) computer, a personal computer, a vehicle dashboard, or the like.

[0103] The transceiver 225 communicates with the mobile communication network
supporting a plurality of usage classes via a plurality of network slices. Specifically, the
transceiver 225 may communicate simultaneously with two or more network slices via a RAN
120. The transceiver 225 comprises a transmitter 230 used to provide UL communication signals
to the base unit 110 and a receiver 235 is used to receive DL communication signals from the base
unit 110. In one embodiment, the transceiver 225 is used to request a network attachment for
particular usage class. For example, the transmitter 230 may request a network attachment
associated with a usage class by transmitting an initial attach request message to a base unit 110
in the RAN 120, wherein the base unit 110 forwards the initial attach request message to a network
slice (e.g., one of the network slices 130A-C) based on the indicated usage class. The receiver 235
may later receive an initial attach response message from the network slice via the base unit 110.

[0104] Although only one transmitter 230 and one receiver 235 are illustrated, the
transceiver 225 may include any suitable number of transmitters 230 and receivers 235. The
transmitter 230 and the receiver 235 may be any suitable type of transmitters and receivers. For
example, in some embodiments, the transceiver 225 includes a plurality of transmitter 230 and
receiver 235 pairs for communicating on a plurality of wireless networks and/or radio frequency
bands, each transmitter 230 and receiver 235 pair configured to communicate on a different
wireless network and/or radio frequency band than the other transmitter 230 and receiver 235 pairs.

[0105] Figure 3 depicts another embodiment of an apparatus 300 that may be used for
mobility management (“MM”) among multiple network slices. The apparatus 300 includes a

network slice 301. In some embodiments, the network slice 301 may be an embodiment of any
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one of the network slices 130A-C, described above with reference to Figure 1. Furthermore, the
network slice 301 may include a processor 305, amemory 310, an input device 315, a display 320,
an NGs interface 325, and a network interface 330. In certain embodiments, the depicted
components 305-330 may be distributed (geographically and/or logically) among a number of
entities, controller, and the like.

[0106] As may be appreciated, the processor 305, the memory 310, the input device 315,
and the display 320 may be substantially similar to the processor 205, the memory 210, the input
device 215, and the display 220 of the remote unit 105, respectively. In certain embodiments, the
processor 305 may be used to attach with a remote unit 105. In one embodiment, the processor
305 attaches with the remote unit 105 using an /nitial Attach procedure, in which the network slice
301 becomes a primary network slice for the remote unit 105. In another embodiment, the
processor 305 attaches with the remote unit 105 using an Additional Attach procedure, in which
the network slice 301 becomes a secondary network slice for the remote unit 105.

[0107] Where the network slice 301 is a primary network slice for a remote unit 105, the
processor 305 may receive an indication of the remote unit 105 attaching to a secondary network
slice. For example, the processor 305 may receive a re-authentication request for the remote unit
105 via the secondary network slice. The processor 305 may further receive a MM request from
the mobile unit 105 and forward the MM request to the secondary network slice. Where the
network slice 301 is a secondary network slice for the remote unit 105, the processor 305 may
receive a MM request for a remote unit 105 that is forwarded from a primary network slice.

[0108] The processor 305 may further generate a MM response message. The MM
response message may include a response for each usage class supported by the network slice 301.
Where the network slice 301 is a secondary network slice, the processor 305 may forward (e.g.,
via the NGs interface 325) the MM response message to the primary network slice. Where the
network slice 301 is a primary network slice, the processor 305 may receive a MM response
message from a secondary network slice and generate a new MM response message that contains
aresponse from the primary network slice and responses from each secondary network slice with
which the remote unit is attached.

[0109] The NGs interface 325, in one embodiment, is configured to communicate with
another network slice in the mobile communication network. For example, where the network
slice 301 is a primary network slice, it may forward a MM request message to one or more
secondary network slices via the NGs interface 325. As another example, where the network slice
301 is a secondary network slice, it may register itself with a primary network slice via the NGs

interface 325. In one embodiment, a secondary network slice registers with the primary network
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slice by forwarding a re-authentication request from a remote unit 105 to the primary network
slice.

[0110] The network interface 330, in one embodiment, is configured to communicate with
the remote unit 105 via the RAN 120. In one embodiment, the network interface 330 establishes
network connections with one or more base units 110 within the RAN 120. For example, the
network interface 330 may receive a MM request message from a remote unit 105 and transmit a
MM response message back to the remote unit 105. In various embodiments, the MM request
message may be an Initial Attach Request, an Additional Attach Request, a Routing Area Update
request, and/or a Service Request. In such embodiments, the corresponding MM response message
may be an /nitial Attach Response, an Additional Attach Response, a Routing Area Update
response, or a Service Response.

[0111] Figure 4 illustrates one embodiment of a wireless communication system 400 used
for mobility management (“MM”) among multiple network slices. In the illustrated embodiment,
the wireless communication system 400 includes a UE 405 in communication with both a primary
network slice 430 and a secondary network slice 435. In certain embodiments, the UE 405 may
be one embodiment of the remote unit 105. In certain embodiments, the actions of the UE 405 are
performed by the processor 205 discussed above with reference to Figure 2. In some embodiments,
the network slices 430-435 may each be an embodiment of the network slice 301 discussed above
with reference to Figure 3. In certain embodiments, the actions of the network slices 430-435 are
performed by the processor 305 discussed above with reference to Figure 3.

[0112] The UE 405 includes a mobile operating system (“OS”) 410 and a plurality of
applications executing on the UE 405. These applications include an IMS application 415, a web
browsing application 420, and an IoT application 425. Here, the primary network slice 430 is a
first network slice instance optimized for MBB traffic and the secondary network slice 435 is a
second network slice instance optimized for massive IoT (“mloT”) traffic. Each network slice
430-435 may support one or more usage classes.

[0113] In response to the IMS 415 application requesting a network connection, the mobile
OS 410 establishes a first data connection 455 with a first data network (“DN”) 440 via a first
network slice instance, here the primary network slice 430. As depicted, the primary network slice
430 supports a first usage class corresponding to the IMS application 415. Prior to establishing
the first data connection 455, the UE 405 attaches to the first network slice instance (e.g., the
primary network slice 430) in order to establish a data connection 455. The primary network slice

430 1s designated as a “primary” network slice because it is the first network slice to which the UE
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405 attaches. The primary network slice 430 performs a primary role in mobility management, as
discussed in further detail below.

[0114] In response to the web browsing application 420 requesting a network connection,
the mobile OS 410 establishes a second data connection 460 with a second data network 445. In
one embodiment, the second data connection 460 corresponds to a different usage class than the
first data connection 455. Here, the primary network slice 430 also supports the second usage
class corresponding to the web browsing application 420. Alternatively, the usage classes
corresponding to the web browsing application 420 and to the IMS application 415 may be the
same. Because the UE 405 is already attached to the primary network slice 430 and because the
primary network slice 430 supports a usage class corresponding to the web browsing application
420, the UE 405 is able to establish the second data connection 460 without attaching to another
network slice.

[0115] In response the IoT application 425 requesting a network connection, the mobile
OS 410 establishes a third data connection 465 with a third DN 450. Because the primary network
slice 430 does not support a usage class corresponding to the IoT application 425, the UE 405
attaches to a secondary network slice 435 that supports a third usage class corresponding to the
IoT application 425 before forming the third data connection 465. The secondary network slice
435 is designated as a “secondary” network slice because the UE 405 is already attached to a
“primary” network slice. The secondary network slice 435 performs a secondary role in mobility
management, as discussed in further detail below.

[0116] Accordingly, the UE 405 may be simultaneously connected to (or attached to) both
the primary network slice 430 and to the secondary network slice 435. Further, the UE 405 may
be connected to different data networks 440-450 via different the network slices 430-435. In the
illustrated embodiment, separate data connections 455-465 are established for each application
415-425, allowing each application 415-45 to communicate with a different data network 440-450
via a network slice that can best support the application traffic.

[0117] When the UE 405 determines the need to send a MM message to all attached
network slices, the UE 405 sends the mobility management message only to the primary network
slice 430. For example, in response to the UE 405 determining that it has changed routing area,
the UE 405 sends a mobility management message updating its current location only to the primary
network slice 430. The primary network slice 430, in turn, sends the updated location to the
secondary network slice 435.

[0118] In some embodiments, the mobility management message sent by the UE 405

requires a response from the network slices 430-435. Accordingly, each network slice 430-435



10

15

20

25

30

WO 2017/190134 PCT/US2017/030406
21

may generate a MM response. Further, the secondary network slice 435 may transmit its response
message to the primary network slice 430, wherein the primary network slice 430 consolidates its
own response message with the response message received from the secondary network slice 435.
The primary network slice 430 may then send a single (consolidated) MM response message to
the UE 405, as discussed below with reference to Figure 5.

[0119] The mobile communication system 400 also includes an interface 470 (e.g., a NGs
interface) between the network slices 430-435. The NGs interface 470 facilitates inter-slice
communication between the primary network slice 430 and the secondary network slice 435.
While the depicted embodiment shows a single secondary network slice 435, in other embodiments
the wireless communication system 400 may include two or more secondary network slices 435.
In such embodiments, the primary network slice 430 and the plurality of secondary network slices
435 would communicate over the NGs interface 470.

[0120] The primary network slice 435 uses the NGs interface 470 to communicate MM
information relating to the UE 405 to the secondary network slice(s) 435. In the above example,
the primary network slice 430 transmits the MM message updating the UE 405 location to the
secondary network slice(s) 435 over the NGs interface 470. In further embodiments, the NGs
interface 470 may also be used for authenticating the UE 405 when the UE 405 attaches to a
secondary slice, as discussed in further detail below.

[0121] Figure 5 illustrates one embodiment of a location management procedure 500 used
for mobility management (“MM”) among multiple network slices. In the illustrated embodiment,
communication with a UE 405, a RAN 505, a first network slice instance 510, and a second
network slice instance 515 are illustrated. The UE 405 may be substantially similar to the UE 405
described above with reference to Figure 4. Additionally, the RAN 505 and the network slice
instances 510-515 may be substantially similar as the RAN 120 and network slices 130 described
above with reference to Figure 1. The location management procedure 500 demonstrates how the
UE 405 updates its current routing area with the network slice instances 510-515. Each network
slice instance 510-515 needs to know the current routing area of the UE 405 in order to initiate
paging when mobile-terminated services are to be delivered to the UE 405.

[0122] The location management procedure 500 begins with the UE 405 attaching 520 to
the first network slice instance 510 using an initial attach procedure. Note that the UE 405
communicates with the first network slice instance 510 via the RAN 505. In response to the initial
attachment to the first network slice instance 510, the first network slice instance 510 becomes the
primary network slice 430. The first network slice instance 510 provides service to the UE 405

for at least one usage class.
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[0123] Here, the first network slice instance 510 supports a “Usage Class X~ and a “Usage
Class Y. The Usage Class X may correspond to a mobile broadband (“MBB”) or general
application usage class (e.g., having high data rate and medium latency) and the Usage Class Y
may correspond to a mission-critical usage class (e.g., having low latency and high reliability). In
certain embodiments, an IMS application 415 and a web browsing application 420 at the UE 405
each have a required usage class corresponding to Usage Class X.

[0124] Additionally, the UE 405 attaches 525 to the second network slice instance 515
using an additional attach procedure. Note that the UE 405 communicates with the second network
slice instance 515 via the RAN 505. In response to the additional attachment, the second network
slice instance 515 becomes a secondary network slice 435. The second network slice instance 515
provides service to the UE 405 for at least one usage class. Here, the second network slice instance
515 supports a “Usage Class Z” which may correspond to a massive IoT or infrequent messaging
application usage class (e.g., having low mobility and low data rate). The initial attach procedure
and additional attach procedure are described in detail below, with reference to Figure 6.

[0125] During the additional attach procedure, the first network slice instance 510 learns
and stores 530 the identity of the second network slice instance 515. In one embodiment, the first
network slice instance 510 stores a correspondence table of served UEs and secondary network
slices corresponding to each served UE. In one embodiment, the first network slice instance 510
stores a slice identifier belonging to the second network slice instance 515. The slice identifier
may be resolvable into a network address of the second network slice instance 515, such as an IP
address. The first network slice instance 510 may use the resolved network address to
communicate with the second network slice instance 515 (e.g. via the NGs interface 470).

[0126] At some point, the UE 405 detects 535 that it has moved to a new routing area and
needs to update the network (e.g., the network slice instances 510-515). In some embodiments,
the UE 405 is in /dle mode when it determines that it is in the new routing area and needs to update
its location with the network. Instead of updating separately the first network slice instance 510
and the second network slice instance 515, the UE 405 updates only the primary network slice,
here the first network slice instance 510.

[0127] In some embodiments, the UE 405 sends 540 a Routing Area Update request
message to the first network slice instance 510. In certain embodiments, the Routing Area Update
request message is encoded using a security key generated during the initial attach. The first
network slice instance 510 receives the Routing Area Update request and identifies 545 the

secondary network slices of the UE 405 (here the second network slice instance 515). In one
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embodiment, the first network slice instance 510 references a correspondence table storing slice
identifiers for each secondary network slice with which the UE 405 is attached.

[0128] Afteridentifying the secondary network slices of the UE 405, the first network slice
instance 510 forwards 550 the routing area request message to each secondary network slice of the
UE 405. In the depicted embodiment, the first network slice instance 510 forwards 550 the Routing
Area Update request message to the second network slice instance 515. As discussed above with
reference to Figure 4, the first network slice instance 510 may communicate with the second
network slice 515 using a NGs interface 470.

[0129] The secondary network slice (here the second network slice instance 515)
determines 555 whether the UE 405 is authorized to receive services in the new routing area. For
example, where the second network slice instance 515 supports a “Usage Class Z,” the second
network slice instance 515 determines whether the UE 405 is authorized (e.g. based on its
subscription) to receive service for the Usage Class Z. Each secondary network slice (here only
the second network slice instance 515) determines whether the UE is authorized to receive services
for each usage class supported by the secondary network slice.

[0130] Having determined whether the UE 405 is authorized to receive services in the new
routing area, each secondary network slice (e.g., the second network slice instance 515) sends 560
a Routing Area Update response message to the primary network slice e.g., the first network slice
instance 510). The Routing Area Update response message from each secondary network slice
indicates whether the routing area update was accepted by the secondary network slice for each
usage class supported by the secondary network slice. Here, the second network slice instance
515 sends a Routing Area Update response message to the first network slice instance 510, the
Routing Area Update response message indicating that the UE 405 is authorized to receive services
in the new routing area for the Usage Class Z.

[0131] The primary network slice (here the first network slice instance 510) also
determines 565 whether the UE 505 is authorized to receive services in the new routing area. The
primary network slice determines whether the UE 405 is authorized to receive service for each
usage class supported by the primary network slice. Here, the first network slice instance 510
determines whether the UE 405 is authorized to receive service in the new routing area for both
the Usage Class X and the Usage Class Y.

[0132] Having determined whether the UE 405 is authorized to receive services in the new
routing area, the primary network slice (e.g., the first network slice instance 510) compiles the
responses from all network slices to which the UE 405 is attached. Accordingly, the primary

network slice generates a Routing Area Update response message that contains results of the
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Routing Area Update request for each usage class with which the UE 405 is attached. Here, the
first network slice instance 510 transmits 570 a Routing Area Update response message containing
results of the Routing Area Update request for each of the usage classes X, ¥, and Z. The UE 405
stores these results and determines if it can use data services for usage classes X, ¥, and Z in the
new routing area.

[0133] In the embodiments of Figure 5, the first network slice instance 510 is the primary
network slice 430 because it is the first slice to which the UE 405 attaches. In other embodiments,
the UE 405 may attach first to the network slice instance that supports the usage class of the IoT
application 425 (here the second network slice instance 515). In such embodiments, the second
network slice instance 515 optimized for IoT traffic (e.g., “Usage Class Z”’) would be the primary
network slice 430 and the first network slice instance 510 optimized for MBB traffic (e.g., “Usage
Class X”) would be the secondary network slice 435.

[0134] Figure 6 illustrates one embodiment of a network attach procedure 600 used for
mobility management (“MM”) among multiple network slices. In the illustrated embodiment,
communication with a UE 405, a RAN 505, a primary network slice 510, and a secondary network
slice 515 are depicted. The UE 405 may be substantially similar to the UE 405 described above
with reference to Figures 4-5. Additionally, the RAN 505, first network slice instance 510, and
the second network slice network instance 515 may be substantially similar as those described
above with reference to Figure 5. The network attach procedure 600 demonstrates how the UE
405 attaches to a primary network slice 430 and to one or more secondary network slices 435. It
is assumed that the UE 405 is not attached to any network slice prior to implementing the network
attach procedure 600.

[0135] The network attach procedure 600 begins with the UE 405 determining that it needs
to provide data services for a specific usage class, here “Usage Class X.” For example, the IMS
application 415 in the UE 405 may request network connectivity and the UE 405 may associate
the IMS application 415 with the Usage Class X. Responsive to detecting the need to provide data
services for Usage Class X, the UE 405 sends 605 an /nitial Attach Request message to the RAN
505. The Initial Attach Request message includes a parameter specifying that the required usage
class is Usage Class X.

[0136] The Radio Access Network 505 receives the Initial Attach Reqguest message and,
utilizing the received usage class, selects 610 a network slice instance that supports the required
usage class, here Usage Class X. The RAN 505 then forwards 615 the Initial Attach Request

message to the selected network slice instance, here the first network slice instance 510.



10

15

20

25

30

WO 2017/190134 PCT/US2017/030406
25

[0137] The first network slice instance 510 authenticates 620 the UE 405 in response to
receiving the Initial Attach Request message. In one embodiment, the first network slice instance
510 and the UE 405 perform a full mutual authentication procedure. If successful, the UE 405 and
the first network slice instance 510 generate security keys 623. The security keys 623 may then
be used to protect signaling messages between the UE 405 and the first network slice instance 510.

[0138] Having authenticated the UE 405, the first network slice instance 510 responds 625
to the Initial Attach Request message with an Initial Attach Response message. The Initial Attach
Response message includes a list of usage classes supported by the first network slice instance
510. Here, the first network slice instance 510 supports both the “Usage Class X as well as a
second usage class “Usage Class Y.” The Initial Attach Response attaches the UE 405 to the first
network slice instance 510 for all usage classes supported by the first network slice instance 510.

[0139] The Initial Attach Response message further includes a temporary identity for the
UE 405. The temporary identity includes a slice identifier that uniquely identifies the first network
slice instance 510, that is, the slice identifier identifies the slice instance that generates the
temporary identity. An exemplary temporary identity is “identity(@slice id” where “slice id” is
the slice identifier of the first network slice instance 510.

[0140] In some embodiments, the Initial Attach Response message also includes an
identity for the Control Plane (“CP”) function in the first network slice instance 510 which is
assigned to serve the UE 405. The assigned CP function may also be referred to as the “serving”
CP function for the UE 405. Although not depicted here, each network slice instance may include
one or more CP functions. The UE 405 sends all signaling messages relating to the usage classes
supported by the first network slice instance 510 (e.g., Usage Class X and Usage Class Y) to its
serving CP function in first network slice instance 510 by including the CP function identity in
these messages. For example, the UE 405 may send a request to establish a PDU session for Usage
Class Y to the serving CP function.

[0141] At this point, the UE 405 is now attached 630 for Usage Class X and Usage Class
Y. These usage classes are supported by the first network slice instance 510. Because the UE 405
was not attached to another network slice instance when it attached to the first network slice
instance 510, the first network slice instance 510 becomes the primary network slice (e.g., the
primary network slice 430). The UE 405 sends 635 all signaling messages relating to Usage Class
X and Usage Class Y to the first network slice instance 510 (e.g., to the serving CP function in the
first network slice instance 510). Note that the UE 405 does not need to attach again to the first
network slice instance 510 before establishing a data connection for data services for Usage Class

Y.
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[0142] Atsome time, the UE 405 determines 640 that it needs to provide data services for
Usage Class Z., which is not supported by the first network slice instance 510. For example, an
IoT application 425 in the UE 405 may request data connectivity. The UE 405 may associate the
IoT application 425 with the Usage Class Z. The UE 405 may further determine that its current
attachment status does not support Usage Class Z. Here, the UE 405 is attached to the first network
slice instance 510; however, the first network slice instance 510 does not support Usage Class Z.

[0143] Accordingly, the UE 405 sends 645 an Additional Attach Request message to the
RAN 505 in order to attach for Usage Class Z. The Additional Attach Request message is used to
attach to an additional (e.g., second, third, etc.) network slice instance after the UE 405 is already
attached to a primary network slice (here the first network slice instance 510). Similar to the Initial
Attach Request message, the Additional Attach Request message includes a parameter specifying
the required usage class, here Usage Class Z. Note that the UE 405 does not know (and does not
need to know) which network slices support the Usage Class Z. Rather, the UE 405 relies on the
RAN 505 to know which network slices support the various usage classes.

[0144] As before, the RAN 505 selects 650 a network slice instance based on the required
usage class in the Additional Attach Request message (e.g., Usage Class Z). Here, the RAN 505
selects the second network slice instance 515, which supports the Usage Class Z. Accordingly,
the RAN 505 forwards 655 the Additional Attach Request message to the second network slice
instance 515. In one embodiment, the RAN 505 forwards the Additional Attach Request message
to a CP function in the second network slice instance 515. The forwarded Additional Attach
Request message may include the required usage class parameter to attach the UE 405 to the second
network slice instance 515 for a specific usage, in situations where the second network slice
instance 515 supports more than one usage class.

[0145] In some embodiments, the Additional Attach Request message also includes the
temporary identity assigned to the UE 405 by the first network slice instance 510. The second
network slice instance 515 uses the received temporary identity to determine 660 the primary
network slice for the UE 405. Here, the slice identifier in the temporary identity indicates the first
network slice instance 510.

[0146] In one embodiment, the second network slice instance 515 may use a DNS service
to resolve the slice identifier (here “slice id”) into a network address (e.g., IP address) of the first
network slice instance 510. In some instances, the network address is used to communicate with
a CP function in the first network slice instance 510 (e.g., the serving CP function of the UE 405).
As discussed with reference to Figure 4, the second network slice 515 may communicate with the

first network slice instance 510 using a NGs interface 470.
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[0147] The second network slice instance 515 authenticates 665 with the UE 405. In the
depicted embodiment, the second network slice instance 515 initiates a mutual re-authentication
procedure between the UE 405 and its primary network slice (the first network slice instance 510)
via the second network slice instance 515. Advantageously, re-authentication is typically quicker
than full authentication. As a result of the re-authentication, the UE 405 and the first network slice
instance 510 generate new security keys. The first network slice instance 510 provides a master
key to the second network slice instance 515, which is used by the second network slice instance
515 to generate security keys 667 used to protect signaling messages between the UE 405 and the
second network slice instance 515. The same master key and security keys 667 are also generated
in the UE 405,

[0148] In response to the re-authentication, the first network slice instance 510 recognizes
that the UE 405 has attached to a secondary network slice (here the second network slice instance
515). The first network slice instance 510 stores 670 the identity of the secondary network slice
(e.g., aslice identifier belonging to the second network slice instance 515) for future use. In some
embodiments, the second network slice instance 515 sends its identity to the first network slice
instance 510 within the re-authentication signaling.

[0149] After the UE 405 is successfully re-authenticated, the second network slice instance
515 accepts the Additional Attach Request. In some embodiments, the second network slice
instance 515 sends 675 an Additional Attach Response message to the UE 405 accepting the attach
request. Similar to the Initial Attach Response message, the Additional Attach Response message
also includes a list of usage classes supported by the second network slice instance 515. The UE
405 associates the additional attachment with these usage classes (e.g., at least Usage Class 7).

[0150] While the depicted embodiment shows authentication between the UE 405 and the
second network slice 515 via a re-authentication process, in other embodiments the second
network slice instance 515 may authenticate with the UE 405 using full mutual authentication and
without any involvement of the first network slice instance 510. Here, the full mutual
authentication may be similar to the authentication 620 between the UE 405 and the first network
slice instance 510, as described above. After the full mutual authentication between the second
network slice instance 515 and the UE 405, the second network slice instance 515 sends a
“registration” message to the first network slice 510 to inform the primary slice of the additional
attachment of the UE 405. The first network slice instance 510 stores 670 an identity of the
secondary network slice acquired via the registration message. In one embodiment, the registration

message may include a slice identifier belonging to the second network slice instance 515.
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[0151] In certain embodiments, the Additional Attach Response message includes an
identity for the CP function in the second network slice instance 515 which is assigned to serve
the UE 405. The assigned CP function may also be referred to as the “serving” CP function for
the UE 405 in the second network slice instance 515. The UE 405 sends all signaling messages
relating to the usage classes supported by the second network slice instance 515 (e.g., Usage Class
Z) to its serving CP function in second network slice instance 515 by including the CP function
identity in these messages.

[0152] At this point, the UE 405 is now attached 680 for Usage Class Z, Usage Class X
and Usage Class Y. Because the UE 405 was already attached for some usage classes when it
attached to the second network slice instance 515, the second network slice instance 515 becomes
a secondary network slice to the UE 405. The UE 405 sends 635 all signaling messages relating
to Usage Class Z to the second network slice instance 515 (e.g., to the serving CP function in the
second network slice instance 515). Note that UE 405 does not know (and does not need to know)
if the mobile communication network deploys separate network slice instances (e.g., the first
network slice instance 510 and the second network slice instance 515). Rather, the UE 405 is only
concerned with attaching for one or more usage classes. In one embodiment, the mobile
communication network may be deployed with multiple network slice instances (as discussed
above), each one supporting one or more usage classes. In another embodiment, the mobile
communication network may be deployed with only one network slice instance that supports
multiple usage classes.

[0153] In the embodiments of Figure 6, the first network slice instance 510 is the primary
network slice 430 because it is the first slice to which the UE 405 attaches. In other embodiments,
the UE 405 may attach first to the network slice instance that supports the usage class of the IoT
application 425 (here the second network slice instance 515). In such embodiments, the second
network slice instance 515 optimized for IoT traffic (e.g., “Usage Class Z’’) would be the primary
network slice 430 and the first network slice instance 510 optimized for MBB traffic (e.g., “Usage
Class X~ and/or “Usage Class Y’) would be the secondary network slice 435.

[0154] Figures 7A and 7B illustrate network detach procedures of a UE 405 used for
mobility management (“MM”) among multiple network slices. Figure 7A illustrates one
embodiment of a detach procedure 700 by which the UE 405 detaches from a primary network
slice. In the illustrated embodiment, communication with a UE 405, a RAN 505, a first network
slice 510, and a secondary network slice 515 are depicted. The UE 405 may substantially similar
to the UE 405 described above with reference to Figures 4-6. Additionally, the RAN 505, first

network slice instance 510, and the second network slice network instance 515 may be
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substantially similar as those described above with reference to Figures 5-6. It is assumed that the
UE 405 is attached to both the first network slice instance 510 (the primary network slice) and the
second network slice instance 515 (a secondary network slice) prior to implementing the network
detach procedure 700.

[0155] At some point while attached to both the first network slice instance 510 and the
second network slice instance 515, the UE 405 determines 705 to terminate the last data connection
with the first network slice instance 510 and detach from the first network slice instance 510. For
example, the UE 405 may have terminated a last data session requiring a usage class supported by
the first network slice instance 510. Here, the first network slice instance 510 supports “Usage
Class X~ and “Usage Class Y.” As discussed above, the Usage Class X may correspond to a
general application usage class. In one embodiment, where there is no data activity for either the
Usage Class X or the Usage Class Y for a predetermined inactivity time period, the UE 405
determines 705 to detach from Usage Class X and Usage Class Y. When these usage classes are
supported by the first network slice instance 510, the UE 405 detaches from the first network slice
instance 510.

[0156] Accordingly, the UE 405 transmits 710 a Defach Request message to the first
network slice instance 510. In certain embodiments, the Defach Request message may be a data
connection release message. Upon receiving the Detach Request message, the first network slice
instance 510 selects 715 one of the secondary network slices (here the second network slice
instance 515 is the only secondary network slice) to become the new primary network slice.

[0157] The first network slice instance 510 transfers 720 slice context information of the
UE 405 to the selected secondary network slice (here the second network slice 515). The slice
context information of the UE 405 includes the slice identities of all network slices to which the
UE 405 1s attached. In one embodiment, the slice context information is a correspondence table
storing slice identifiers for each secondary network slice with which the UE 405 is attached.

[0158] Upon receiving the slice context information of the UE 405, the second network
slice instance 515 becomes 725 the primary network slice 430 for the UE 405. In some
embodiments, the second network slice instance 515 (as the new primary network slice) generates
a new temporary identity for the UE 405. The new temporary identity includes a slice identifier
that uniquely identifies the second network slice instance 515.

[0159] The second network slice instance 515 sends 730 a response message to the first
network slice instance 510. The response may confirm receipt of the slice context information

and/or acknowledge that the second network slice instance 515 is taking over the role of primary
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network slice for the UE 405. In certain embodiments, the response message contains the new
temporary identity for the UE 405 that identifies the second network slice instance 515.

[0160] The first network slice 510 sends 735 a Detach Response message to the UE 405,
The Detach Response message includes an identifier of the new primary network slice (e.g., the
second network slice instance 515). In one embodiment, the Defach Response message contains
the new temporary identity for the UE 405. Upon receiving the Detach Response message, the UE
405 identifies the second network slice instance 515 as being the new primary network slice. For
example, the UE 405 may use a DNS service to resolve the slice identifier of the second network
slice instance 515 into an IP address of the second network slice instance 515 (e.g., of the serving
CP function of the second network slice instance 515).

[0161] At this point, the UE 405 is detached from the first network slice instance 510.
Further, the UE 405 is detached for the usage classes supported by the first network slice instance
510. Here, the UE 405 is detached for both the Usage Class X and the Usage Class Y. The UE
405 will now directs its MM messages to the second network slice instance 515 which has become
the new primary network slice for the UE 405.

[0162] Figure 7B illustrates one embodiment of a detach procedure 750 by which the UE
405 detaches from a secondary network slice (e.g., the second network slice instance 515). In the
illustrated embodiment, communication with a UE 405, a RAN 505, a first network slice 510, and
a secondary network slice 515 are depicted. The UE 405 may substantially similar to the UE 405
described above with reference to Figures 4-7A. Additionally, the RAN 505, first network slice
instance 510, and the second network slice network instance 515 may be substantially similar as
those described above with reference to Figures 5-7A. It is assumed that the UE 405 is attached
to both the first network slice instance 510 (the primary network slice) and the second network
slice instance 515 (a secondary network slice) prior to implementing the network detach procedure
750.

[0163] At some point while attached to both the first network slice instance 510 and the
second network slice instance 515, the UE 405 determines 755 to terminate the last data connection
with the second network slice instance 515 and detach from the second network slice instance 515.
For example, the UE 405 may have terminated a last data session requiring a usage class supported
by the second network slice instance 515. Here, the second network slice instance 515 supports a
“Usage Class Z.” As discussed above, the Usage Class Z may correspond to an [oT/MTC usage
class. In one embodiment, where there is no data activity for the Usage Class Z for a predetermined
inactivity time period, the UE 405 determines 755 to detach from Usage Class Z which leads to

UE 405 being detached from the second network slice instance 515.
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[0164] Accordingly, the UE 405 transmits 760 a Detach Request message to the second
network slice instance 515. In certain embodiments, the Defach Request message may be a data
connection release message. Upon receiving the Detach Request message, the second network
slice instance 515 informs 765 the primary network slice (here the second network slice instance
515).

[0165] The first network slice instance 510 updates 770 its stored slice identifiers relating
to the secondary network slices with which the UE 405 is attached. Additionally, the first network
slice instance 510 ceases to transmit further routing area updates (or other MM messages) to the
second network slice instance 515. In certain embodiments, the second network slice instance 515
informs the first network slice instance 510 over the NGs interface 470.

[0166] Finally, the second network slice instance 515 sends 775 a Detach Response
message to the UE 405. At this point, the UE 405 is detached 780 from the second network slice
instance 515. Further, the UE 405 is detached from the usage classes supported by the second
network slice instance 515. Here, the UE 405 is detached from the Usage Class Z.

[0167] Figure 8A is a schematic flow chart diagram illustrating one embodiment of a
method 800 for mobility management (“MM”) among multiple network slices. In some
embodiments, the method 800 is performed by an apparatus, such as the remote unit 105 or UE
405. In certain embodiments, the method 800 may be performed by a processor executing program
code, for example, a microcontroller, a microprocessor, a CPU, a GPU, an auxiliary processing
unit, a FPGA, or the like.

[0168] The method 800 may include establishing 805 a first connection with a primary
network slice of the mobile communication network. In one embodiment, the processor 205
establishes the first connection with a primary network slice, such as the first network slice instance
510. In some embodiments, establishing 805 the first connection includes authenticating a remote
unit with the primary network slice. In certain embodiments, the first connection is a signaling
connection with the primary network slice.

[0169] Establishing 805 the first connection may include transmitting an initial attach
request that includes a first usage class to a radio access network component of the mobile
communication network. In certain embodiments, establishing 805 the first connection occurs in
response to an application requesting data connectivity for the first usage class. Additionally,
establishing 805 the first connection may include receiving an initial attach response from the
primary network slice responsive to the initial attach request. In certain embodiments, the initial

attach response may include an indication of one or more usage classes supported by the primary
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network slice as well as a first UE identifier assigned by the primary network slice. The first UE
identifier may include an identity of the primary network slice.

[0170] The method 800 includes establishing 810 a second connection a secondary
network slice in the mobile communication network. In one embodiment, the processor 205
establishes the second connection via a radio transceiver 225. In some embodiments, establishing
810 the second connection includes re-authenticating the remote unit with the primary network
slice via the secondary network slice. In certain embodiments, the second connection is a signaling
connection with the secondary network slice.

[0171] Establishing 810 the second connection may include transmitting an additional
attach request containing the first UE identifier assigned by the primary network slice. In certain
embodiments, establishing 810 the second connection may include receiving an additional attach
response from the secondary network slice. The additional attach response may include a second
UE identifier assigned by the secondary network slice. The second UE identifier may include an
identity of the secondary network slice.

[0172] The method 800 includes detecting 815 a MM event. In one embodiment, the
processor 205 detects 815 the MM event. In some embodiments, the MM event is a change in
routing area. For example, the processor 205 may detect 815 a change in a routing area. As
another example, the MM event may be the expiration of a timer for periodic location update,
receipt a paging message, and/or an application on the remote unit 105 generating uplink data.

[0173] The method 800 includes receiving 820 a MM response, the MM response being
received via the first connection and in response to a MM request sent to the primary network
slice, wherein the MM response includes a response from the primary network slice and a response
from the secondary network slice. In one embodiment, the radio transceiver 225 receives 820 the
MM response.

[0174] In some embodiments, the MM request is a routing area (or location) update
request, wherein the MM response is a routing area (or location) update response. In another
embodiment, the MM request may be a service request, wherein the MM response is a service
response containing a response from the primary network slice in a response from the secondary
network slice.

[0175] In certain embodiments, the MM response indicates whether the primary network
slice accepts the MM request and whether the secondary network slice accepts the MM request.
In further embodiments, each network slice in the mobile communication network may support at

least one of a plurality of usage classes, wherein the MM response includes an update result for
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each usage class supported by the primary network slice and by the secondary network slice. The
method 800 ends.

[0176] Figure 8B is a schematic flow chart diagram illustrating one embodiment of a
method 850 for mobility management (“MM™) among multiple network slices. In some
embodiments, the method 850 is performed by an apparatus, such as a network slice 301. In certain
embodiments, the method 850 may be performed by a processor executing program code, for
example, a microcontroller, a microprocessor, a CPU, a GPU, an auxiliary processing unit, a
FPGA, or the like.

[0177] The method 850 may include receiving 855 an indication of an attached mobile unit
attaching to a secondary network slice in a mobile communication network. In one embodiment,
the processor 305 receives 855 the indication of the attached mobile unit (e.g., a remote unit 105)
attaching to the secondary network slice via a first network interface. In some embodiments,
receiving 855 the indication of the attached mobile unit attaching to the secondary network slice
includes receiving a registration request from the secondary network slice. In one embodiment,
the registration request includes a slice identifier belonging to the secondary network slice and a
mobile unit identifier belonging to the mobile unit. Receiving 855 the indication of the attached
mobile unit attaching to the secondary network slice may further include storing the slice identifier
belonging to the secondary network slice. In certain embodiments, the first network interface is a
NGs interface connecting to the secondary network slice.

[0178] The method 850 may include receiving 860 a MM request from the attached mobile
unit. In one embodiment, the processor 305 receives 860 the MM request via a second network
interface. In some embodiments, the MM request is a routing area (or location) update request.
In another embodiment, the MM request may be a service request.

[0179] The method 850 may include forwarding 865 the MM request to the secondary
network slice. In one embodiment, the processor 305 forwards 865 the MM request via the first
network interface. In some embodiments, forwarding 865 the mobility manage request may
include identifying a secondary network slice to which the mobile unit is attached, resolving a slice
identifier of the secondary network slice into a network address, and transmitting the MM request
to the resolved network address. The method 850 ends.

[0180] Embodiments may be practiced in other specific forms. The described
embodiments are to be considered in all respects only as illustrative and not restrictive. The scope
of the invention is, therefore, indicated by the appended claims rather than by the foregoing
description. All changes which come within the meaning and range of equivalency of the claims

are to be embraced within their scope.
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CLAIMS

An apparatus comprising:

a transceiver that communicates with the mobile communication network; and

a processor that:

establishes a first connection with a primary network slice of the mobile communication
network;

establishes a second connection with a secondary network slice of the mobile
communication network;

detects a mobility management event; and

receives a mobility management response via the first connection in response to a
mobility management request sent to the primary network slice, wherein the
mobility management response includes a response from the primary network

slice and a response from the secondary network slice.

The apparatus of claim 1, wherein the first connection is a signaling connection and

wherein establishing the first connection with the primary network slice comprises:

receiving an initial attach response from the primary network slice responsive to an initial
attach request, the initial attach response including an indication of one or more
usage classes supported by the primary network slice and a first user equipment
(“UE”) identifier assigned by the primary network slice, wherein the first UE

identifier includes an identity of the primary network slice.

The apparatus of claim 2, wherein the processor further:
receives a second UE identifier in response to transmitting a detach request to the primary
network slice, wherein the second UE identifier includes an identity of a new

primary network slice.

The apparatus of claim 1, wherein the second connection is a signaling connection and
wherein establishing the second connection with the secondary network slice comprises
transmitting an additional attach request containing a UE identifier assigned by the

primary network slice.

The apparatus of claim 1, wherein establishing the first connection with the primary

network slice comprises authenticating the apparatus with the primary network slice, and



10

15

20

25

30

WO 2017/190134 PCT/US2017/030406

10.

11.

35

wherein establishing the second connection with the secondary network slice comprises
re-authenticating the apparatus with the primary network slice via the secondary network

slice.

The apparatus of claim 1, wherein the mobility management response indicates whether
the primary network slice accepts the mobility management request and whether the

secondary network slice accepts the mobility management request.

The apparatus of claim 1, wherein each network slice in the mobile communication
network supports at least one of a plurality of usage classes, and wherein the mobility
management response includes an update result for each usage class supported by the

primary network slice and by the secondary network slice.

The apparatus of claim 1, wherein the mobility management response is one of a routing

area update response and a service response.

The apparatus of claim 1, wherein receiving a routing area update response responsive to
arouting area update request sent to the primary network slice comprises transmitting,
via the first connection, a routing area update request to the primary network slice

without transmitting a routing area update request to the secondary network slice.

A method comprising;

establishing a first connection with a primary network slice of a mobile communication
network;

establishing a second connection with a secondary network slice of the mobile
communication network;

detecting a change in routing area for a mobile unit; and

receiving, via the first connection and in response to a routing area update request sent
over the first connection, a routing area update response that includes a response

from the primary network slice and a response from the secondary network slice.

The method of claim 10, wherein the first connection is a signaling connection and

wherein establishing the first connection with the primary network slice comprises:

receiving an initial attach response from the primary network slice responsive to an initial
attach request, the initial attach response including an indication of one or more

usage classes supported by the primary network slice and a user equipment
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(“UE”) identifier assigned by the primary network slice, wherein the UE identifier

includes an identity of the primary network slice.

The method of claim 11, further comprising receiving a second UE identifier in response
to transmitting a detach request to the primary network slice, wherein the second UE

identifier includes an identity of a new primary network slice.

The method of claim 10, wherein the second connection is a signaling connection and
wherein establishing the second connection with the secondary network slice comprises
transmitting an additional attach request containing a UE identifier assigned by the

primary network slice.

The method of claim 10, wherein establishing the first connection with the primary
network slice comprises authenticating the apparatus with the primary network slice, and
wherein establishing the second connection with the secondary network slice comprises
re-authenticating the apparatus with the primary network slice via the secondary network

slice.

The method of claim 10, wherein the routing area update response indicates whether the
primary network slice accepts the routing area update request and whether the secondary

network slice accepts the routing area update request.

The method of claim 10, wherein each network slice in the mobile communication
network supports at least one of a plurality of usage classes, and wherein the routing area
update response includes an update result for each usage class supported by the primary

network slice and by the secondary network slice.

The method of claim 10, wherein the mobility management response is one of a routing

area update response and a service response.

The method of claim 10, wherein receiving a routing area update response responsive to a
routing area update request sent to the primary network slice comprises transmitting, via
the first connection, a routing area update request to the primary network slice without

transmitting a routing area update request to the secondary network slice.

An apparatus comprising:

anetwork interface for communicating over a mobile communication network; and
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a processor that:

receives an indication of an attached mobile unit attaching to a secondary network slice
of the mobile communication network;

receives a routing area update request from the mobile unit; and

forwards the routing area update request to the secondary network slice.

The apparatus of claim 19, wherein the processor further:

receives a first routing area update response from the secondary network slice;

generates a second routing area update response based on the routing area update request;
and

sends a third routing area update response to the mobile unit, the third routing area update
response including information from the first routing area update response and the

second routing area update response.

The apparatus of claim 20, wherein the mobile communication network supports a
plurality of usage classes, and wherein the third routing area update response includes an

update result for each usage class to which the mobile unit is attached.

The apparatus of claim 19, wherein the apparatus comprises a first network slice of the
mobile communication network, the first network slice supporting a first usage class, and

wherein the second network slice supports a second usage class.

The apparatus of claim 19, the processor further:

assigns a user equipment (“UE”) identifier to the mobile unit in response to receiving an
initial attach request from the mobile unit, wherein the UE identifier includes an
identity of the apparatus; and

transmits an initial attach response to the mobile unit, the initial attach response including
an indication of one or more usage classes supported by the apparatus and the UE

1dentifier.

The apparatus of claim 19, wherein the processor receiving an indication of the mobile

unit attaching to a secondary network slice comprises:

receiving a registration request from the secondary network slice, the registration request
including a slice identifier belonging to the secondary network slice and a mobile
unit identifier belonging to the mobile unit; and

storing the slice identifier belonging to the secondary network slice.
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The apparatus of claim 24, wherein the processor forwarding the routing area update

request to the secondary network slice comprises:

identifying a secondary network slice to which the mobile unit is attached; and

transmitting the routing area update request to the secondary network slice using a
destination network address corresponding to the slice identifier belonging to the

secondary network slice.

The apparatus of claim 24, wherein the registration request is a re-authentication request
received from the secondary network slice, and wherein the processor further re-
authenticates the apparatus with the mobile unit via the secondary network slice in

response to receiving the re-authentication request.

The apparatus of claim 19, wherein the processor further:

receives a deregistration message from the secondary network slice in response to the
mobile unit detaching from the second network slice, wherein the processor
ceases forwarding, to the second network slice, routing area update requests

received from the mobile unit in response to the deregistration message.

The apparatus of claim 19, wherein the processor further:

selects a second network slice in response to receiving a detach request from the mobile
unit, the second network slice to become a new primary network slice;

transmits a set of slice identities to the selected second network slice, the set of slice
identities including all secondary network slices to which the mobile unit is
connected;

receives a user equipment (“UE”) identifier from the second network slice; and

transmits, to the mobile unit, a detach response containing the UE identifier, wherein the

UE identifier includes an identity of the second network slice.

A method comprising;

receiving an indication of an attached mobile unit attaching to a secondary network slice
of the mobile communication network;

receiving a routing area update request from the mobile unit; and

forwarding the routing area update request to the secondary network slice.

The method of claim 29, further comprising:

receiving a first routing area update response from the secondary network slice;
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33.

34.

35.

39

generating a second routing area update response based on the routing area update
request; and

sending a third routing area update response to the mobile unit, the third routing area
update response including information from the first routing area update response

and the second routing area update response.

The method of claim 30, wherein the mobile communication network supports a plurality
of usage classes, and wherein the third routing area update response includes an update

result for each usage class to which the mobile unit is attached.

The method of claim 29, wherein the mobile communication network includes a first
network slice supporting a first usage class, and wherein the second network slice

supports a second usage class.

The method of claim 29, further comprising:

assigning a user equipment (“UE”) identifier to the mobile unit in response to receiving
an initial attach request from the mobile unit, wherein the UE identifier includes
an identity of a first network slice; and

transmitting an initial attach response to the mobile unit, the initial attach response
including an indication of one or more supported usage classes and the UE

1dentifier.

The method of claim 29, wherein receiving an indication of the mobile unit attaching to a

secondary network slice comprises:

receiving a registration request from the secondary network slice, the registration request
including a slice identifier belonging to the secondary network slice and a mobile
unit identifier belonging to the mobile unit; and

storing the slice identifier belonging to the secondary network slice.

The method of claim 34, wherein forwarding the routing area update request to the

second network slice comprises:

identifying a second network slice to which the mobile unit is attached; and

transmitting the routing area update request to the second network slice using a
destination network address corresponding to the slice identifier belonging to the

second network slice.
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The method of claim 34, wherein the registration request is a re-authentication request
received from the second network slice, the method further comprising re-authenticating
with the mobile unit via the second network slice in response to receiving the re-

authentication request.

The method of claim 29, further comprising:

receiving a deregistration message from the second network slice in response to the
mobile unit detaching from the second network slice; and

ceasing forwarding, to the second network slice, routing area update requests received

from the mobile unit in response to the deregistration message.

The method of claim 29, further comprising:

selecting a second network slice in response to receiving a detach request from the
mobile unit;

transmitting a set of slice identities to the selected second network slice, the set of slice
identities including all second network slices to which the mobile unit is
connected;

receiving a user equipment (“UE”) identifier from the second network slice; and

transmitting, to the mobile unit, a detach response containing the UE identifier, wherein

the UE identifier includes an identity of the second network slice.
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