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SYSTEMS AND METHODS FOR USER EQUIPMENT (UE) REGISTRATION

TECHNICAL FIELD
[001] Aspects of this disclosure relate to systems and methods for registering a user
equipment (UE) in a network.
BACKGROUND
[002] A UE is a wireless communication device, such as, for example, a smartphone, a

tablet, a computer, an appliance, a sensor, etc. Currently there exists two separate procedures for
registering a UE with a core network of an Long Term Evolution (LTE) 4G communications

network: (1) the Attach procedure and (2) the Tracking Area Update (TAU) procedure.
SUMMARY

[003] Having two separate registration procedures means that there will be parallel
tracks of standardization, UE and CN implementation, tests, descriptions (such as customer

descriptions), operator deployments/tests etc. thus imposing extra costs.

[004] Currently, when a signal handling function (SHF) (a.k.a., “Terminal Handling
Function” or “Access and Mobility Management Function” (AMF)) receives a TAU request
from a UE and the SHF (e.g., a Mobility Management Entity (MME)) was not the last SHF to
serve the UE (i.c., the SHF is a “new SHF”’), the new SHF attempts to fetch information about
the UE (e.g., the UE’s Mobility Management (MM) Context, Session related data etc.) from the
last SHF that was previously serving the UE (i.c., the “old SHF”) and, if that isn’t possible, the
new SHF shall reject the TAU request with an appropriate cause code causing the UE to
understand that the UE must perform an Attach procedure to get registered with the network. In
this scenario, the TAU request from the UE could have been perfectly correct but still the UE
will be required to perform the Attach procedure, thereby causing extra signaling over the air,
more control signaling handling in the radio access network (RAN) and core network (CN), and

adding latency to the registration procedure.

[005] Accordingly, this disclosure proposes combining the Attach and Tracking Area
Update procedures into one new mobility procedure: the Registration procedure. One advantage

of the proposed Registration procedure is that, if the new SHF is unable to obtain UE data from
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the old SHF the new SHF will nevertheless register the UE so that the UE does not have to

perform another registration procedure (e.g., an Attach procedure).

[006] Another benefit is that the same mobility procedure will be used regardless of
whether the UE is attempting to attach to the network or whether the UE has changed Tracking
Area due to mobility. The current Attach and TAU procedures use many similar messages and
some of them have many information elements where the most of them are common. Also there
are cases where the procedures use the same messages. Therefore, both the UE and the SHF
(which may be a component of a Core Control Function CCF) can use “a common”
implementation and thereby an easier implementation. Also, it enables simplicity of “one track”
for future additions of different aspects: standardization, UE and CN implementation, tests,

descriptions (such as customer descriptions), operator deployments/tests etc.

[007] Accordingly, in one aspect there is provided a method for registering a user
equipment (UE) wherein the method is performed by the UE. The method includes the UE
transmitting toward a first signal handling function (SHF) a request message requesting a certain
type of registration. The method also includes the UE receiving a registration accept message
transmitted by the first SHF after the first SHF processes the request message. The request
message comprises: (i) an identifier allocated to the UE, which may be a permanent identifier
(PID) or a temporary identifier (TID) and (ii) registration type information enabling the first SHF
to determine the type of registration that the UE is requesting (e.g., registration type information
that enables the first SHF to determine whether the UE is requesting an “initial” registration or a

“normal” registration).

[008] In some embodiments, the registration type information consists of a one bit flag
enabling the first SHF to determine whether the UE is requesting a first type of registration (e.g.,

“initial”’) or a second type of registration (e.g., “normal”).

[009] In some embodiments, the registration type information comprises a value

selected from a pre-defined set of two or more values.

[0010] In some embodiments, the request message comprises the PID allocated to the
UE, and the registration accept message comprises a globally unique temporary identifier

(GUTI) allocated to the UE. In such an embodiment the method may further comprise: the UE
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accepting the GUTI and the UE transmitting, in response to the registration accept message, a

registration complete message comprising an indication that the UE has accepted the GUTL

[0011] In some embodiments, the request message does not include the PID allocated to
the UE, and the method further comprises: after transmitting the request message and before
receiving the registration accept message, the UE receiving an identity request transmitted by the
first SHF, the identity request requesting that the UE transmit an identity response comprising
the PID allocated to the UE. The UE, in response to the identity request, transmits to the first
SHF an identity response comprising the PID allocated to the UE.

[0012] In some embodiments, the registration accept message comprises registration
result information for enabling the UE to determine whether the first SHF performed an initial
registration procedure or a normal registration procedure in response to receiving the request

message.

[0013] In some embodiments, the registration type information indicates that the UE is
requesting a normal registration, and the registration accept message includes registration result
information indicating that the first SHF completed a procedure for an initial registration
procedure instead of performing a procedure for the requested normal registration. In some

embodiments, the registration result information consists of a one bit flag.

[0014] In some embodiments, the request message further comprises message type
information indicating that the request message is Registration Request message, and the
message type information included in the Registration Request message is separate and distinct

from the registration type information included in the Registration Request message.

[0015] In some embodiments, the UE transmitted the request message as a result of the
UE detecting that the UE has entered a “new” Tracking area - - for example, a Tracking area that

is outside the UE’s tracking area list or an area that is outside of the UE’s Registration area.

[0016] In another aspect there is provided a UE that is adapted to perform the above

described methods.

[0017] In another aspect there is provided a method for registering the UE, where the
method is performed by the first SHF. The method includes the first SHF, receiving a request

message transmitted by the UE, the request message requesting a certain type of registration. The
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method further includes the first SHF processing the request message, wherein the request
message comprises: (i) an identifier allocated to the UE and (ii) registration type information

enabling the first SHF to determine the type of registration that the UE is requesting.

[0018] In some embodiments, the step of processing the request message comprises
examining the registration type information included in the request message to determine

whether the UE is requesting an initial registration or a normal registration.

[0019] In some embodiments, the first SHF determines, based on the registration type
information, that the UE is requesting an initial registration, and the method further comprises:
the first SHF determining whether the request message includes a PID or a TID. In some
embodiments, the first SHF determines that the request message does not include the PID, the
first SHF determines that the first SHF does not have certain context information for the UE, and
the method further comprises: as a result of determining that the request message does not
include the PID and the first SHF does not have certain context information for the UE, the first
SHF determining an address of a second SHF and the first SHF sending to the determined
address an information request message comprising (1) information for identifying the UE and
(i1) registration type information indicating that the identified UE is requesting an initial
registration. In some embodiments, the second SHF determines, based on the registration type
information included in the information request message, that the identified UE is requesting an
initial registration, and, as a result of determining that the identified UE is requesting an initial
registration, the second SHF retrieves information associated with the identified UE and
transmits to the first SHF an information response message comprising the retrieved information,
wherein the retrieved information comprises context data associated with the UE and the PID

allocated to the UE.

[0020] In some embodiments, the registration type information indicates that the UE is
requesting an initial registration, the request message includes the TID, and the method further
comprises: the first SHF determining that the first SHF has certain context information for the
UE; and after the first SHF determines that it has the certain context information, the first SHF

transmits to the UE a registration accept message.

[0021] In some embodiments, the registration type information indicates that the UE is

requesting an initial registration, the request message includes the PID, and the method further
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comprises: the first SHF transmitting to the UE a registration accept message comprising a
temporary identifier allocated to the UE; and the first SHF receiving a registration complete
message transmitted by the UE, wherein the registration complete message includes an
indication that the UE has accepted the temporary identifier included in the registration access

message.

[0022] In some embodiments, the registration type information indicates that the UE is
requesting a normal registration, and the method further comprises: the first SHF determining
that it does not have certain context information for the UE; the first SHF determining an address
of a second SHF; and the first SHF sending to the determined address an information request
message comprising: information for identifying the UE and registration type information

indicating that the identified UE is requesting an normal registration.

[0023] In some embodiments, the method further comprises the second SHF determining,
based on the registration type information included in the information request message, that the
identified UE is requesting a normal registration; and, as a result of determining that the
identified UE is requesting the normal registration, the second SHF retrieves information
associated with the identified UE and transmits to the first SHF an information response message
comprising the retrieved information, wherein the retrieved information comprises context data

associated with the UE, session data associated with the UE, and the PID allocated to the UE.

[0024] In some embodiments, the method further comprises the first SHF receiving an
information response that was transmitted by the second SHF after the second SHF processed the
information request; the first SHF determining whether the information response includes the
PID allocated to the UE; and as a result of the first SHF determining that the information
response does not include the PID allocated to the UE, the first SHF transmitting to the UE an
identity request requesting that the UE transmit an identity response comprising the PID

allocated to the UE.

[0025] In some embodiments, the request message comprises the temporary identifier,
and the method further comprises: the first SHF determining whether an identity request message
should be sent to the UE; as a result of the first SHF determining that an identity request message
should be sent to the UE, the first SHF transmitting to the UE the identity request message; and
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after transmitting the identity request message to the UE, the first SHF receiving from the UE an

identity response message comprising the permanent identifier.

[0026] In some embodiments, determining whether an identity request message should
be sent to the UE comprises: the first SHF determining that the temporary identifier maps to an

old SHF; and the first SHF determining that it does not have an interface to the old SHF.

[0027] In some embodiments, determining whether an identity request message should
be sent to the UE comprises: the first SHF determining that the temporary identifier maps itself;

and the first SHF determining that it does not have the permanent identifier.

[0028] In some embodiments, the method further comprises the first SHF transmitting to
the UE a registration accept message comprising registration result information for enabling the
UE to determine whether the first SHF performed an initial registration procedure or a normal

registration procedure in response to receiving the request message.

[0029] In another aspect there is provided a first SHF that is adapted to perform the

methods described above.

[0030] The above and other aspects and embodiments are described below with reference

to the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are incorporated herein and form part of the

specification, illustrate various embodiments.

[0032] FIG. 1 illustrates a system according to some embodiments.

[0033] FIG. 2. is a message flow diagram illustrating a message flow according to some
embodiments.

[0034] FIG. 3 is a flowchart illustrating a process according to some embodiments.
[0035] FIG. 4. is a message flow diagram illustrating a message flow according to some
embodiments.

[0036] FIG. 5. is a message flow diagram illustrating a message flow according to some
embodiments.
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[0037] FIG. 6. is a message flow diagram illustrating a message flow according to some

embodiments.

[0038] FIG. 7 is a flowchart illustrating a process according to some embodiments.

[0039] FIG. 8 is a flowchart illustrating a process according to some embodiments.

[0040] FIG. 9 is a block diagram of a CN node for implementing one or more CN

functions.

[0041] FIG. 10 is a block diagram of a UE according to some embodiments.
DETAILED DESCRIPTION

[0042] FIG. 1 illustrates a system 100 according to some embodiments. As shown in

FIG. 1, system 100 includes a UE 102 communicating with an SHF 114 of a core network
(shown in FIG. 1 as a part of CCF 106), via an access network 104 (e.g., a radio access network
(RAN)). UE 102 can communicate with devices attached to Service Network 110 (e.g., to further

connect to the Internet) via RAN 104 and user plane 112 functions of a core network.

[0043] As discussed above, this disclosure describes a new procedure that combines
elements of the existing Attach procedure (used in LTE) with elements of the existing Tracking
Area Update, TAU mobility procedure (used in LTE). This new procedure is named the
“Registration” procedure. The Registration procedure is used e.g. when the UE attaches into the
mobile network, upon mobility procedure when the UE changes to a new Tracking area (TA)
(e.g., the UE moves into an arca identified by a Tracking area identifier that is not included in the
UE’s list of Tracking area identifiers), when the UE performs a periodic update (due to a
predefined time period of inactivity), load re-balancing reasons etc. Upon a TA change, there are
different options: the same CN functions are kept or a CN function (e.g. CCF, SHF, CHF-C,
CHF-U) is changed or some/all CN entities/functions are changed.

[0044] The Registration procedure can be used with a new radio access technology
(RAT) (e.g., a 5G RAT) or existing RAT (e.g. WLAN and Fixed access)). Typically, UEs with
session(s) are Mobile Broadband (MBB) subscribers or Fixed Wireless Access (FWA)
subscribers, while UEs without any sessions are simple IoT devices. There may be other cases.
As an alternative, UEs allowed to establish a session can register without session and afterward a

session can be established.
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[0045] The Registration procedure will support idle mode mobility with or without
session. FIG. 2 shows a Registration procedure example without session established, according

to some embodiments.

[0046] The Registration procedure begins in step s201 with the UE sending a
Registration Request (RR) message to, in this case, a new SHF. The Registration Request
message includes an identifier (ID) assigned to the UE. The ID assigned to the UE may be a
permanent identifier (PID) assigned to the UE (e.g. the UE’s International Mobile Subscriber
Identity (IMSI)) or a temporary ID (TID) assigned to the UE by, e.g., an SHF (e.g., globally
unique temporary identifier (GUTI)). Advantageously, the Registration Request message further
includes registration type information enabling the new SHF to determine whether the UE is
requesting an initial registration (i.e. the UE is not in a Registered state) or a normal registration
(i.e. the UE is in Registered state). In some embodiments, the Registration Request message
includes a Registration Flag Information Element (IE) containing the registration type
information. The registration type information may consist of a one bit flag or the registration
type information may consists of a “value” (e.g., a numerical value or string) selected from a pre-
defined set of two or more pre-defined values. For example, the set of pre-defined values may

include the following pre-defined values: “initial” and “normal”.

[0047] If the UE is requesting “initial” registration, then the Registration Request (RR)
message includes, in some embodiments, all necessary parameters for that (as in Attach in LTE).
If the UE is requesting ‘“normal” registration, then the RR message includes all necessary

parameters for that (as in TAU in LTE).

[0048] There is an additional case: If the UE presents a temporary identifier (e.g. GUTI)
and that temporary identifier points to the new SHF but the UE context has been removed in the
new SHF then the registration can still be handled by the new SHF but step s202 and step s203
needs to be performed in order to fetch the permanent id (e.g. IMSI) from the UE.

[0049] In step 5202, if necessary, the new SHF sends an Information Request (IR)
message to the old SHF (assuming the new SHF has an interface to the old SHF --i.¢., assuming
the new SHF is able to send messages to and receives messages from the old SHF). The IR
message includes some or all of the parameters from the RR (e.g., registration type and UE

identifier) and an address assigned to a network interface of the new SHF. Advantageously, the
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IR message includes registration type information so that the old SHF can determine whether the
UE is requesting an initial or normal registration. Step s202, it should be noted, is not always
necessary. That is, step s202 is not performed in at least the following two cases: 1) the UE is
requesting “initial” registration and the RR message includes a permanent ID (PID) for the UE
(e.g., IMSI) and 2) the RR message includes a temporary ID (TID) and the TID maps to the new
SHF itself.

[0050] In step s203 (not performed if step s202 is not performed), the old SHF responds
to new SHF with an Information Response message including, for example, a permanent ID
assigned to the UE (e.g., the UE’s IMSI), MM Context (which may include quality of service
(QoS) parameters for the UE such as, for example, uplink and downlink Aggregate maximum bit
rate (AMBR) information as well as UE capability information) and an address assigned to a
network interface of the old SHF. If the registration type information included in the IR indicates
that the UE has requested normal registration, then the old SHF will include in the Information
Response message session related data associated with the UE (e.g., an IP address that was

assigned to the UE) that the old SHF is maintaining.

[0051] In the case where the new SHF needs to obtain the UE’s permanent ID (PID)
(e.g., in the case where the RR message did not include the PID and the new SHF does not have
the PID and was unable to obtain the PID from an old SHF), then in step s204 the new SHF
transmits to the UE an Identity Request message requesting the UE to provide to the new SHF
the UE’s PID (e.g., IMSI). Thus, for example, if the RR message includes a TID rather than a
PID and the TID maps to an old SHF, as opposed to mapping to the new SHF, and the new SHF
does not have an interface to the old SHF (or the Information Response from the old SHF does
not include the UE’s PID), then step s204 is performed by the new SHF. Additionally, if the TID
maps to the new SHF and the new SHF does not have the UE’s PID, then the new SHF will
perform step s204.

[0052] In step 5205, the UE responds with an Identity Response message including a
permanent ID assigned to the UE (e.g. UE’s IMSI).

[0053] In step s206, the new SHF may initiate authentication of the UE if the

Registration Request was not sent integrity protected or integrity protection is indicated as failed
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in step s203 (Information Response). That is, in step s206, Non-Access Stratum (NAS) security

functions are performed.

[0054] In step s207, the new SHF responds to the old SHF with an Information
Acknowledge (IA) message if a successful Information Response is received. In response to
receiving the IA message, the old SHF marks as invalid (or deletes) the MM context information

associated with the UE that the old SHF was maintaining.

[0055] In some embodiments, in step s208, the new SHF may perform an Update
Location procedure. Additionally, the new SHF may perform one or more of the following
procedures: an International Mobile Equipment Identity (IMEI) check and a Policy Control (PC)

update and negotiation are performed.

[0056] In step s209, the new SHF sends to the UE a Registration Accept (RA) message
comprising information indicating a result of the registration. In on embodiments, assuming the
registration was successful, there are two possible results: “initial” and “normal.” More
specifically: (1) if the UE requested initial registration and the initial registration was successful,
then the RA message will include information indicating that the requested initial registration has
been successfully performed; (2) if the UE requested normal registration and the normal
registration was successful, then the RA message will include information indicating that the
requested normal registration has been successfully performed; and (3) if the UE requested
normal registration and the normal registration was not successful because, for example, the new
SHF was unable to retrieve information from old SHF, but the new SHF successfully performed
an initial registration, then the RA message will include information indicating that an initial
registration has been successfully performed. Additionally, if the registration (initial or normal)

was successful, then the RA message my further include a temporary ID assigned to the UE.

[0057] In step s210, the UE may respond to the new SHF with a Registration Complete

message, which message indicates that the UE has accepted the new temporary ID.

[0058] Referring now to FIG. 3, FIG. 3 is a flow chart illustrating a process 300

according to some embodiments.

[0059] Process 300 begins in step s301, where an SHF receives an RR message
transmitted by a UE. In step s302, the SHF determines the type of registration that the UE is

10
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requesting. For example, the SHF examines the registration type information included in the RR
message to determine whether the UE is requesting “initial registration” or “normal registration.”
If initial registration is requested, the process proceeds to step s304, otherwise the process
proceeds to step s310. In step s304, the SHF determines whether the RR message includes a
permanent ID assigned to the UE. If it does, the process proceeds to step 308, otherwise the
process proceeds to step s306. In step s306, the SHF performs a GUTI Attach procedure. In step
$308, the SHF performs an IMSI Attach procedure. And in step s310, the SHF performs a TAU

procedure.

[0060] Referring now to FIG. 4, FIG. 4 is a message flow diagram illustrating the
Registration procedure when the RR includes an permanent ID (e.g., IMSI) and the type

information indicates the UE is requesting “initial” registration.

[0061] In step s401, the UE sends an RR message to, in this case, a new SHF. The RR
message in this example includes a permanent identifier (ID) assigned to the UE(e.g. the UE’s
International Mobile Subscriber Identity (IMSI)) and registration type information indicating that

the UE is requesting an initial registration (i.c., the UE is currently not in a Registered state).

[0062] In step s402, the new SHF initiate authentication of the UE if the RR was not sent
integrity protected. That is, in step s402, Non-Access Stratum (NAS) security functions are

performed.

[0063] In some embodiments, in step s403, the new SHF may perform an Update
Location procedure. Additionally, the new SHF may perform one or more of the following
procedures: an International Mobile Equipment Identity (IMEI) check and a Policy Control (PC)

update and negotiation are performed.

[0064] In step s404, the new SHF sends to the UE a Registration Accept (RA) message
comprising information indicating a result of the initial registration. Additionally, if the initial

registration was successful, then the RA message my further include a temporary ID assigned to

the UE.

[0065] In step s405, the UE may respond to the new SHF with a Registration Complete

message, which message indicates that the UE has accepted the new temporary ID.

11
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[0066] Referring now to FIG. 5, FIG. 5 is a message flow diagram illustrating the
Registration procedure when the RR includes a temporary ID (e.g., GUTI) and the type

information indicates the UE is requesting “initial” registration.

[0067] In step s501, the UE sends an RR message to, in this case, a new SHF. The RR
message in this example includes a temporary ID (TID) assigned to the UE and registration type
information indicating that the UE is requesting an initial registration (i.e., the UE is currently

not in a Registered state).

[0068] In step s502, the new SHF sends an IR message to the old SHF (assuming that (a)
the TID maps to the old SHF as opposed to mapping to the new SHF itself and (b) the new SHF
has an interface to the old SHF). Advantageously, the IR message includes registration type

information so that the old SHF can determine that the UE is requesting an initial registration.

[0069] In step s503, the old SHF responds with Information Response to new SHF
including e.g. a permanent ID assigned to the UE (e.g., IMSI), MM Context and SHF address
assigned to a network interface of the old SHF. Because the registration type indicates an initial
registration, the old SHF will not include in the Information Response any session related data

associated with the UE.

[0070] In the case where the new SHF needs to obtain the UE’s permanent ID (PID)
(c.g., in the case where the RR message did not include the PID and the new SHF does not have
the PID and was unable to obtain the PID from an old SHF), then in step s504 the new SHF
transmits to the UE an Identity Request message requesting the UE to provide to the new SHF
the UE’s PID (e.g., IMSI).

[0071] In step s505, the UE responds with an Identity Response message including a
permanent ID assigned to the UE (e.g. UE’s IMSI).

[0072] In step s506, the new SHF may initiate authentication of the UE if the
Registration Request was not sent integrity protected or integrity protection is indicated as failed

in step s503 (Information Response).

[0073] In step s507, the new SHF responds to the old SHF with an Information

Acknowledge (IA) message if a successful Information Response is received. In response to

12
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recetving the IA message, the old SHF marks as invalid (or deletes) the MM context information

associated with the UE that the old SHF was maintaining.

[0074] In some embodiments, in step s508, the new SHF may perform an Update
Location procedure. Additionally, the new SHF may perform one or more of the following
procedures: an International Mobile Equipment Identity (IMEI) check and a Policy Control (PC)
update and negotiation are performed. Other procedures may also be performed, as is known in

the art, such as a create session procedure.

[0075] In step s509, the new SHF sends to the UE a Registration Accept (RA) message
comprising information indicating a result of the initial registration. Additionally, if the initial

registration was successful, then the RA message my further include a temporary ID assigned to

the UE.

[0076] In step s510, the UE may respond to the new SHF with a Registration Complete

message, which message indicates that the UE has accepted the new temporary ID.

[0077] Referring now to FIG. 6, FIG. 6 is a message flow diagram illustrating the

Registration procedure where RR indicates that the UE is requesting “normal” registration.

[0078] In step s601, the UE sends an RR message to, in this case, a new SHF. The RR
message in this example includes a temporary ID assigned to the UE and registration type

information indicating that the UE is requesting a normal registration.

[0079] In step s602, the new SHF sends an IR message to the old SHF. Advantageously,
the IR message includes registration type information so that the old SHF can determine that the

UE is requesting a normal registration.

[0080] In step s603, the old SHF responds with Information Response to new SHF
including e.g. a permanent ID assigned to the UE, MM Context and SHF address assigned to a
network interface of the old SHF. Because the registration type indicates a normal registration,
the old SHF will also include in the Information Response any session related data associated

with the UE that the old SHF has maintained.

[0081] In the case where the new SHF needs to obtain the UE’s permanent ID (PID)
(e.g., in the case where the RR message did not include the PID and the new SHF does not have
the PID and was unable to obtain the PID from an old SHF), then in step s604 the new SHF

13
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transmits to the UE an Identity Request message requesting the UE to provide to the new SHF
the UE’s PID (e.g., IMSI).

[0082] In step s605, the UE responds with an Identity Response message including a
permanent ID assigned to the UE (e.g. UE’s IMSI).

[0083] In step s606, the new SHF may initiate authentication of the UE if the
Registration Request was not sent integrity protected or integrity protection is indicated as failed

in step s603 (Information Response).

[0084] In step s607, the new SHF responds to the old SHF with an Information
Acknowledge (IA) message if a successful Information Response is received. In response to
receiving the IA message, the old SHF marks as invalid (or deletes) the MM context information

associated with the UE that the old SHF was maintaining.

[0085] In some embodiments, in step s608, the new SHF may perform an Update
Location procedure. Additionally, the new SHF may perform one or more of the following
procedures: an International Mobile Equipment Identity (IMEI) check and a Policy Control (PC)

update and negotiation are performed.

[0086] In step 609, the new SHF sends to a CHF-C a Modify Request to indicate to the
CHF-C that a new SHF is handling the UE (e.g., to re-establish the session).

[0087] In step s610, the new SHF may perform a PC update and negotiation.
[0088] In step s611. the new SHF receives a Modify Response from the CHF-C.
[0089] In step s612, the new SHF sends to the UE a Registration Accept (RA) message

comprising result information indicating a result of the normal registration and a temporary 1D
assigned to the UE. As described above, the RA message in some scenarios (e.g., scenario where
new SHF is not able to communicate with old SHF) includes result information indicating that an

initial registration has been successfully performed.

[0090] In step s613, the UE may respond to the new SHF with a Registration Complete

message, which message indicates that the UE has accepted the new temporary ID.

[0091] Referring now to FIG. 7, FIG. 7 is a flow chart illustrating a process 700,

according to some embodiments, that is performed by an SHF.

14
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[0092] In step s702, the SHF receives an RR message transmitted by a UE.

[0093] In step s704, the SHF obtains from the message the registration type information
to determine whether the UE is requesting initial or normal registration. If requesting initial, then

process goes to step s706 otherwise process goes to step s736.

[0094] In step s706, the SHF examines the RR message to determine whether it contains
a permanent ID assigned to the UE. If it does, the process goes to step s708, otherwise it goes to

step s714.

[0095] In step s708, the SHF initiate authentication of the UE if the RR message was not

sent integrity protected.

[0096] In step s710, the SHF may perform additional procedure. For example, the SHF
may perform an Update Location procedure. Additionally, the SHF may perform one or more of
the following procedures: an International Mobile Equipment Identity (IMEI) check and a Policy
Control (PC) update and negotiation.

[0097] In step s712, the SHF sends to the UE the RA message as described above.

[0098] In step s714, the SHF determines whether the TID included in the RR message
maps to another SHF (i.c., an “old SHF”). If the TID maps to an old SHF, then the process

proceeds to step s716, otherwise it proceeds to step s720.

[0099] In step s716, the SHF determines whether it has an interface to the old SHF. If it

does, then the process proceeds to step s717, otherwise the process proceeds to step s722

[00100] In step s717, the SHF sends to the old SHF an Information Request (IR) message

indicating “initial” registration.

[00101] In step s718, SHF receives from the old SHF a response to the Information
Request message. If, however, for some reason the old SHF does not respond to the IR message
(or the old SHF responds but the response does not make it back to the SHF), then step s718

cannot be performed and the process goes directly to step s720.

[00102] In step 5720, the SHF determines whether it needs to obtain a permanent ID (PID)
for the UE. If SHF needs to obtain a PID, then the process goes to step s722, otherwise it goes to
step §726. For example, if the response from the old SHF does not include the PID, then the SHF
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performs step s722. Similarly, if the SHF receives no response from the old SHF, then the SHF
performs step s722.

[00103] In step s722, the SHF sends to the UE a PID request requesting the UE to provide
to the SHF a PID assigned to the UE.

[00104] In step s724, the SHF receives from the UE the requested PID.

[00105] In step s726, the SHF initiate authentication of the UE if the RR message was not
sent integrity protected or integrity protection is indicated as failed in the Information Response

received in step s718.
[00106] In step s728, the SHF sends to the old SHF an Information Ack meessage.

[00107] In step s730, the SHF may perform additional procedure. For example, the SHF
may perform an Update Location procedure. Additionally, the SHF may perform one or more of
the following procedures: an International Mobile Equipment Identity (IMEI) check and a Policy
Control (PC) update and negotiation.

[00108] In step s732, the SHF determines whether it needs to send to a CHF-C a Modify

Request message. If so, the process goes to step s734 otherwise the process goes to step s712.
[00109] In step s734, the SHF sends the Modify Request to the CHF-C.

[00110] In step s736, the SHF determines whether the TID included in the RR message
maps to another SHF (i.c., an “old SHF”). If the TID maps to an old SHF, then the process

proceeds to step s738, otherwise it proceeds to step s720.

[00111] In step s738, the SHF determines whether it has an interface to the old SHF. If it

does, then the process proceeds to step s739, otherwise the process proceeds to step s722

[00112] In step s739, the SHF sends to the old SHF an Information Request (IR) message

indicating “normal” registration. After step s739, the process goes to step s718, described above.

[00113] Referring now to FIG. 8, FIG. 8 is a flow chart illustrating a process 800,

according to some embodiments, that is performed by an old SHF.

[00114] In step s802, the old SHF receives from a new SHF an Information Request (IR)

message (described above).
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[00115] In step s804, the old SHF uses the UE identifier included in the IR to obtain from
a data storage system context information (e.g., MM Context) for the identified UE.

[00116] In step s806, the old SHF examines the registration type information included in

the IR message to determine the registration type requested by the UE (e.g., initial or normal).

[00117] If the UE is requesting initial registration, then the process proceeds to step s808,

otherwise it proceeds to step s810.

[00118] In step s808, the old SHF transmits to the SHF that transmitted the IR an
Information Response comprising the context information retrieved in step s804 and a PID for

the UE.

[00119] In step s810, the old SHF determines whether it has any session data for the
identified UE. If there is no session data for the UE, the process proceeds to step s808, otherwise

it proceeds to step s812.
[00120] In step s812, the old SHF retrieves the session data.

[00121] In step s814, the old SHF sends to the SHF that sent the IR an Information
Response comprising the context information retrieved in step s804, the session data obtained in

step s812, and a PID for the UE.

[00122] FIG. 9 is a block diagram of a computer system 900 for implementing one or
more of the above described functions (e.g., SHF, CCF, CHF). That is, in some embodiments,
for each of the above described functions, the system 100 includes a separate computer system
900 for implementing each function, but in other embodiments, one or more (or all) functions
may be implemented using only a single computer system 900. As described below, computer
system 900 may consist of a single computer apparatus 902 or set of computer apparatuses (i.c.,

computer system 900 may be a cloud computing system).

[00123] As shown in FIG. 9, computer system 900 includes at least one computer
apparatus (CA) 902, which may include one or more processors 955 (e.g., one or more general
purpose microprocessors and/or one or more data processing circuits, such as an application
specific integrated circuit (ASIC), field-programmable gate arrays (FPGAS), logic circuits, and
the like). In some embodiments, computer system 900 includes a plurality of CAs 902, which

may or may not be co-located. Thus, the above described function may be implemented in a
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cloud computing environment. In some embodiments, each function may correspond to a virtual
machine hosted by computer system 900. Computer system 900 further includes: a network
interface 905 for use in transmitting and receiving data via a communications link; and a data
storage system 908, which may include one or more non-volatile storage devices and/or one or
more volatile storage devices (e.g., random access memory (RAM)). In embodiments where
computer apparatus 902 includes a microprocessor, a computer program product (CPP) 941 may
be provided. CPP 941 includes a computer readable medium (CRM) 942 storing a computer
program (CP) 943 comprising computer readable instructions (CRI) 944. CRM 942 may be a
non-transitory computer readable medium, such as, but not limited, to magnetic media (e.g., a
hard disk), optical media (e.g., a DVD), memory devices (e.g., random access memory), and the
like, but not a signal. In some embodiments, the CRI of computer program 943 is configured
such that when executed by computer apparatus 902, the CRI causes the computer apparatus 902
to perform steps described above. In other embodiments, computer apparatus 902 may be
configured to perform steps described herein without the need for code. That is, for example,
computer apparatus 902 may consist merely of one or more ASICs. Hence, the features of the

embodiments described herein may be implemented in hardware and/or software.

[00124] FIG. 10 is a block diagram illustrating UE 102 according to some embodiments.
In the embodiment shown, UE 102 includes at least one data processing system (DPS) 1002,
which may include one or more processors 1055 (e.g., one or more general purpose
microprocessors and/or one or more data processing circuits, such as an application specific
integrated circuit (ASIC), field-programmable gate arrays (FPGAs), logic circuits, and the like).
UE 102 further includes: a radio transceiver 1005 for use in transmitting and receiving data via
an antenna 1022; and a data storage system 1006, which may include one or more non-volatile
storage devices and/or one or more volatile storage devices (e.g., random access memory
(RAM)). In embodiments where DPS 1002 includes a microprocessor, a computer program
product (CPP) 1041 may be provided. CPP 1041 includes a computer readable medium (CRM)
1042 storing a computer program (CP) 1043 comprising computer readable instructions (CRI)
1044. CRM 1042 may be a non-transitory computer readable medium, such as, but not limited,
to magnetic media (e.g., a hard disk), optical media (e.g., a DVD), memory devices (e.g., random
access memory), and the like, but not a signal. In some embodiments, the CRI of computer

program 1043 is configured such that when executed by computer apparatus 1002, the CRI
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causes the computer apparatus 1002 to perform steps described above. In other embodiments,
computer apparatus 1002 may be configured to perform steps described herein without the need
for code. That is, for example, computer apparatus 1002 may consist merely of one or more
ASICs. Hence, the features of the embodiments described herein may be implemented in

hardware and/or software.

[00125] While various embodiments of the present disclosure are described herein, it
should be understood that they have been presented by way of example only, and not limitation.
Thus, the breadth and scope of the present disclosure should not be limited by any of the
above-described exemplary embodiments. Moreover, any combination of the above-described
clements in all possible variations thereof is encompassed by the disclosure unless otherwise

indicated herein or otherwise clearly contradicted by context.

[00126] Additionally, while the processes described above and illustrated in the drawings
are shown as a sequence of steps, this was done solely for the sake of illustration. Accordingly, it
is contemplated that some steps may be added, some steps may be omitted, the order of the steps

may be re-arranged, and some steps may be performed in parallel.
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CLAIMS

1. A method for registering a user equipment (102) the method comprising:
the user equipment, UE (102), transmitting toward afirst signal handling function, SHF
(114), arequest message requesting a certain type of registration;
the UE receiving aregistration accept message transmitted by the first SHF after the first
SHF processes the request message, wherein
the request message comprises:
i. anidentifier alocated to the UE, wherein the identifier is one of a permanent
identifier, PID, and atemporary identifier, TID;
ii. registration type information enabling the first SHF to determine the type of
registration that the UE is requesting; and
iii. message type information indicating that the request message is Registration
Request message, the message type information being separate and distinct from
the registration type information included in the request message,
the registration type information can be set to one of a plurality of valuesincluding a first
value and a second value,
when the registration type information is set to the first value, the registration type
information indicates that the UE is currently not in aregistered state, and
when the registration type information is set to the second value, the registration type
information indicates that the UE is currently in aregistered state.

2. The method of claim 1, wherein the registration type information consists of a one bit
flag enabling the first SHF to determine whether the UE is requesting a first type of registration
or a second type of registration.

3. The method of claim 1, wherein the registration type information comprises avalue
selected from a pre-defined set of two or more val ues.

4. The method of any one of claims 1-3, wherein

the request message comprises the PID allocated to the UE,
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the registration accept message comprises a globally unique temporary identifier, GUTI,
allocated to the UE, and

the method further comprises: the UE accepting the GUTI and the UE transmitting, in
response to the registration accept message, a registration complete message comprising an
indication that the UE has accepted the GUTI.

5. The method of any one of claims 1-3, wherein

the request message does not include the PID allocated to the UE, and

the method further comprises:

after transmitting the request message and before receiving the registration accept
message, the UE receiving an identity request transmitted by the first SHF, the identity request
reguesting that the UE transmit an identity response comprising the PID allocated to the UE; and

the UE, in response to the identity request, transmitting to the first SHF the identity
response comprising the PID allocated to the UE.

6. The method of any one of claims 1-5, wherein

the registration accept message comprises registration result information for enabling the
UE to determine whether or not the first SHF performed an initial registration in response to
receiving the request message.

7. The method of any one of claims 1-6, wherein

the registration type information indicates that the UE is not requesting the initial
registration, and

the registration accept message includes registration result information indicating that the
first SHF completed a procedure for an initia registration procedure notwithstanding the fact that
the registration type information indicates that the UE is not requesting an initial registration.

8. The method of claim 7, wherein the registration result information consists of a one bit

flag.

9. The method of any one of claims 1-8, wherein
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the UE transmitted the request message after the UE detects that the EU is not currently
in aregistered state.

10. The method of any one of claims 1-9, wherein
the UE transmitted the request message as a result of the UE detecting that the UE has
entered a new Tracking area.

11. A method for registering a user equipment, UE (102), the method comprising:
afirst signa handling function, SHF (104), receiving a request message transmitted by
the UE, the request message requesting a certain type of registration; and
the first SHF processing the request message, wherein
the request message comprises:
i. anidentifier allocated to the UE, wherein the identifier is one of a permanent
identifier, PID, and atemporary identifier, TID;
ii. registration type information enabling the first SHF to determine the type of
registration that the UE is requesting; and
iii. message type information indicating that the request message is Registration
Request message, the message type information being separate and distinct from
the registration type information included in the request message,
the registration type information can be set to one of a plurality of valuesincluding a first
value and a second value,
when the registration type information is set to the first value, the registration type
information indicates that the UE is currently not in aregistered state, and
when the registration type information is set to the second value, the registration type
information indicates that the UE is currently in aregistered state.

12. The method of claim 11, wherein the registration type information consists of a one

bit flag enabling the first SHF to determine whether the UE is requesting a first type of
registration or a second type of registration.
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13. The method of claim 11, wherein the registration type information comprises avalue
selected from a pre-defined set of two or more values.

14. The method of any one of claims 11-13, wherein the step of processing the request
message comprises examining the registration type information included in the request message
to determine whether or not the UE is requesting an initial registration.

15. The method of claim 14, wherein

the first SHF determines, based on the registration type information, that the UE is
reguesting an initial registration, and

the method further comprises:

the first SHF determining whether the request message includes the PID or the TID.

16. The method of claim 15, wherein

the first SHF determines that the request message does not include the PID,

the first SHF determines that the first SHF does not have certain context information for
the UE, and

the method further comprises:

as aresult of determining that the request message does not include the PID and the first
SHF does not have certain context information for the UE, the first SHF determining an address
of asecond SHF; and

the first SHF sending to the determined address an information request message
comprising: information for identifying the UE and registration type information indicating that
the identified UE is requesting an initial registration.

17. The method of claim 16, further comprising:

the second SHF determining, based on the registration type information included in the
information request message, that the identified UE is requesting an initia registration; and

asaresult of determining that the identified UE isrequesting an initial registration, the
second SHF retrieves information associated with the identified UE and transmits to the first

SHF an information response message comprising the retrieved information, wherein the
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retrieved information comprises context data associated with the UE and the PID allocated to the

UE.

and

18. The method of any one of claims 11-15, wherein

the registration type information indicates that the UE is requesting an initial registration,
the request message includesthe TID, and

the method further comprises:

the first SHF determining that the first SHF has certain context information for the UE;

after the first SHF determines that it has the certain context information, the first SHF

transmits to the UE a registration accept message.

19. The method of any one of claims 11-15, wherein

the registration type information indicates that the UE is requesting an initial registration,
the request message includes the PID, and

the method further comprises:

the first SHF transmitting to the UE aregistration accept message comprising a

temporary identifier alocated to the UE; and

the first SHF receiving a registration compl ete message transmitted by the UE, wherein

the registration compl ete message includes an indication that the UE has accepted the temporary

identifier included in the registration access message.

20. The method of any one of claims 11-15, wherein

the registration type information indicates that the UE is not requesting initial

registration, and

the method further comprises:

the first SHF determining that it does not have certain context information for the UE;
the first SHF determining an address of a second SHF; and

the first SHF sending to the determined address an information request message

comprising: information for identifying the UE and registration type information indicating that

the identified UE is not requesting an initial registration.
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21. The method of claim 20, further comprising:

the second SHF determining, based on the registration type information included in the
information request message, that the identified UE is not requesting an initial registration; and

asaresult of determining that the identified UE is not requesting theinitial registration,
the second SHF retrieves information associated with the identified UE and transmits to the first
SHF an information response message comprising the retrieved information, wherein the
retrieved information comprises context data associated with the UE, session data associated
with the UE, and the PID allocated to the UE.

22. The method of claims 16 or 20, further comprising:

the first SHF receiving an information response that was transmitted by the second SHF
after the second SHF processed the information request;

the first SHF determining whether the information response includes the PID allocated to
the UE; and

asaresult of the first SHF determining that the information response does not include the
PID dlocated to the UE, the first SHF transmitting to the UE an identity request requesting that
the UE transmit an identity response comprising the PID allocated to the UE.

23. The method of any one of claims 11-16 and 20, wherein

the request message comprises the temporary identifier, and

the method further comprises:

the first SHF determining whether an identity request message should be sent to the UE;

as aresult of the first SHF determining that an identity request message should be sent to
the UE, the first SHF transmitting to the UE the identity request message; and

after transmitting the identity request message to the UE, the first SHF receiving from the

UE an identity response message comprising the permanent identifier.

24. The method of claim 23, wherein determining whether an identity request message
should be sent to the UE comprises:
the first SHF determining that the temporary identifier mapsto an old SHF; and
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the first SHF determining that it does not have an interface to the old SHF.

25. The method of claim 23, wherein determining whether an identity request message
should be sent to the UE comprises:
the first SHF determining that the temporary identifier mapsitself; and

the first SHF determining that it does not have the permanent identifier.

26. The method of any one of claims 11-15, further comprising:
the first SHF transmitting to the UE aregistration accept message comprising registration
result information for enabling the UE to determine whether or not the first SHF performed an

initial registration procedure in response to receiving the request message.

27. The method of any one of claims 11-15, wherein

the registration type information indicates that the UE is not requesting an initial
registration, and

the method further comprises:

the first SHF determining whether it has certain context information for the UE; and

asaresult of the first SHF determining that it has the certain context information for the

UE, thefirst SHF transmitting to the UE aregistration accept message.

28. A user equipment (102), UE (102), the UE being adapted to:
transmit toward afirst signa handling function, SHF (114), arequest message requesting
acertain type of registration;
receive aregistration accept message transmitted by the first SHF after the first SHF
processes the request message, wherein
the request message comprises.
i. anidentifier alocated to the UE, wherein the identifier is one of a permanent
identifier, PID, and atemporary identifier, TID;
ii. registration type information enabling the first SHF to determine the type of
registration that the UE is requesting; and
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iii. message type information indicating that the request message is Registration
Request message, the message type information being separate and distinct from
the registration type information included in the request message,
the registration type information can be set to one of a plurality of valuesincluding a first
value and a second value,
when the registration type information is set to the first value, the registration type
information indicates that the UE is currently not in aregistered state, and
when the registration type information is set to the second value, the registration type
information indicates that the UE is currently in aregistered state.

29. A first signal handling function (104), SHF (104), being adapted to:
receive arequest message transmitted by the UE, the request message requesting a certain
type of registration; and
process the request message, wherein
the request message comprises:
i. anidentifier allocated to the UE, wherein the identifier is one of a permanent
identifier, PID, and atemporary identifier, TID;
ii. registration type information enabling the first SHF to determine the type of
registration that the UE is requesting; and
iii. message type information indicating that the request message is Registration
Request message, the message type information being separate and distinct from
the registration type information included in the request message,
the registration type information can be set to one of a plurality of valuesincluding a first
value and a second value,
when the registration type information is set to the first value, the registration type
information indicates that the UE is currently not in aregistered state, and
when the registration type information is set to the second value, the registration type
information indicates that the UE is currently in aregistered state.
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